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IV 



EDITOR'S PREFACE. 



I regret that the author has reversed the practice of the prin- 
cipal spectroscopic observers, and placed the red end of the spec- 
trum opposite the reader's left hand, and not, as in the maps of 
KirchhoflT, Angstrom, and others, on the right-hand side of the 
page. ^ 

In so new a science there must be necessarily many points 
not finally settled, but this circumstance does not detract from 
the great merit of the book as a popular treatise on Spectrum 
Analysis. 



WILLIAM HUGGINS. 



Uppir Tclsi Qill, Deeember^ 1871. 
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TRANSLATOR'S PEEFACE. 



lal of the following work was introduo^^ -ti^^ 
Huggins, to whom we had appealed fox- ixxf^ 
J best elementary book on the Spectro8c3o;r>^ • 
. in its perusal, the interest we felt in tlx^ 

idea of undertaking the translation of -fclx, 
id completed our labors, tfie second Gr< 

appearance, and this necessitated so eixtax-. 



^tjj 






rvhole work as to occasion considerable do! 



^3^- 




to render the work as complete as possi^j^j 
aggestion of the editor, given in an Appoxxd j 
)rtant paper ** On the Cause of the Iixt 
ses," and Prof. Toimg's valuable catalogn.^ 
I in the spectrum of the chromosphere. \i\;^, 
ed in the body of the w;ork an account 

o 

)f 1870, a copy of Angstrom's maps of tli 

ew of the corona from a photograph by Mr. ^ 

rescntation of some of the solar proraincnco^ 

Prof. Respighi. *^*i 

jlad to have the opportunity of exprcssiix •«n»> 

jssrs. Hanhart for the care they have taken x:j-j 

of the several lithographic plates, especialX-y- 
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TRANSLATOR'S PREFACE. 




tlie admirable way in which they have represented Angstrom's 
maps; also to Mr. Pearson, for the careful manner in which 
he has condnctcd the engraving on wood of KirchhoflF's maps, 
BO ae to represent them in several tints, a task in which he has 
been inati^rially assisted by the great accuracy of the printers, 
Messrs. Watson & Hazell. 

JANE AND CAROLINE LASSELL. 

RAt LotHit, MimENniAD, December, 1871. 
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EEFACE TO THE SECONP l^I>Jnn4Z>JSr. 



present work is founded upon a series of 

hy the author during the winter of 1869^ l>^fc>x«< 
le fiir wissenschaftliche Yorlesungen/' in ttti^ c^it-v" 
3, on the one hand, to give a clear and fainxZi,s:^x» :»• 
I of the nature and phenomena of SpectxTurrx^^ -A^- 
•ling an educated person not previously fitXTxil^f^^^** 

science to become acquainted with the 
IJiant discovery of this century; and, on -fcl^ 
3how the important position which Spectruxcx 
red in the pursuit of Physics, Chemistry, T^^oslxxxol 
ry^ and Astrononay, as well as its adaptability -fco o^lrm-^^ 
d of scientific investigation. 

eneral reader will be introduced by this boolc: 
a of science, the dominion of which has ^^t^xxci^^^^ • 
irs over all terresttial substances, and evetx ^ 
le most distant parts of the universe. He viriix i 
T the new langiiage of lAghty which, by un^ 
d3 bim information not only concerning tko 
ial substances, but also of the physical ^^^st:itret-^j 
venly bodies. The professor of science will zfixxd • 
g many details for the arrangement of appai-^^^^^^^ ^ 
3xliibit the various spectra and iheir charao-t^:,^^^ j'^ 
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^ PREFACE TO THE BEOOND EDITION. 

plieDomcna to a large audience, and present to them a view 
of those Bplendid discoveries, the direct sight of which can 
oo]y be enjoyed by the few who possess an instrament for the 

purpose. 

To facilitate the due appreciation of the results which have 
heea obtained by the application of Spectrum Analysis to the 
heavenly bodieSj the^anthor has given with each class of ob- 
jects a summary of the information hitherto furnished -by the 
telescope, and has sought to give a glance in passing at the 
progressive development and partial transformation of the heav- 
enly bodies* 

The great interest that has everywhere been excited by 
the first edition of this work has made a second edition neces- 
saxy withm the period of a jght. The author has given his 
attcnliou to the careful revision of each section, which ho has 
iu many eascB enlarged and enriched by the discoveries made 
by Spccti-um Analysis generally, but more especially in its 
application to the observation of the sun. Great prominence 
has been given to the detailed explanation of the various 
methods employed in the practical working of the spectroscope. 

In conclusion, the autlior acknowledges with grateful thanks 
the valuable assistance rendered him by various scientific men 
who have kindly communicated to him the results of their labors, 
among v,iiom be would especially mention Messrs. Huggins, Sec- 
chi, Lockyer, Zollner, Jansaen, Morton, and Young. His thanks 
are also due to the publisher, who has watched over with so much 
care and interest the typographical department, as well as the 
execution of the numerous and elaborate illustrations. 

THE AUTHOB. 
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I. iNTBODUCrnON. 



he sun in India of the 18th of ^^ 

which, it will be remembere*!, . ^acoi-fc^ 
•ientific world, and led to a laz-^-e es:]^^ 
,or in order that a new metliod o±^ i. 
Analysis— might be applied, -fco -fclx«>j 
.variably present at a total solas- ^cs1±^^>^ 
of which the unassisted po-wears of- ^^ 
lemselves inadequate to revoal. "X^lzi 

at this eclipse were fully conjejma.«<i "t^, 
ons made in North America d.rurixx^- -fcl^' 
August, 1869, and the records of -fclxoj 
arious scientific societies cleai-a;y^ 
1 analysis. On this account -fclx^ 
has excited great interest m alx 
e a femiliar and compreheosives e^; _ 
•ctrmn analysis, in which is sho-«vT-^ t:"t».^, 
>d of research in every departnxe»xxt: o:^ 
(t uncalled for. 

derstood in physics a spectre or «liostI^«. 
interpretation of the word migtj.-t .^^^^ 
that beautifal image, brilliant ^writlx ^xi 
which is obtained when the li^lxt of- 
iant object, is allowed to pass t;l>^^ «i^i^ 
— ^a prism. . , 

«i perceive no difference m the li^i^^ 
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4 SPECTRUM ANALYSIS. 

from the heavenly bodies and that from various artificial sources, 
beyond a variation in color and brilliancy ; but it is quite other- 
wise when the light is viewed through a -prism. There are then 
formed very beautiful colored images or spectra, the constitution 
and appearance of which depend upon the nature of the sub- 
stance emitting the light. The different appearances presented 
by these colored images are so entirely characteristic, that to 
every substance, when luminous in a gaseous form, there corre- 
sponds a peculiar spectrum which belongs only to that particular 
substance. 

It follows, therefore, that when the spectra of different sub- 
stances have been determined once*for all, by previous research- 
es, and have been recorded in maps or impressed upon the 
memory, it is easy in any future investigation to recognise at 
once, from the form of the spectrum which a body of unknown 
constitution presents, the individual substances of which it is 
composed. 

This statement presents in general terms the nature of spec- 
trum analysis. It analyzes bodies into their constituent parts, 
not as the chemist, with alembics and retorts, with reagents and 
^ precipitates, but by means of the spectra which these substances 
give when in a state of intense luminosity. 

Spectrum analysis in no way supplants the methods of chemi- 
cal analysis hitherto in use ; for its function is neither to decom- 
pose nor to combine bodies, but rather to recoimoitre an un- 
known territory, and to stand sentinel, and signalize to the 
physicist, the chemist, and the astronomer, the presence of any 
substance brought beneath its scrutiny. 

With what acuteness, with what delicacy does spectrum 
analysis accomplish this taskl When the balance, the micro- 
scope, and every other means of research at the command of the 
physicist and the chemist utterly feil, one look in the spectro- 
scope is sufficient in most cases to reveal the presence of a sub- 
stance. If a pound of conmion salt be divided into 500,000 equal 
parts, the weight of one of these portions is called a milligramme. 
The chemist is able, by the use of the most delicate scales and 
the application of special skill, to determine the weight of such 
a particle ; but, in doing so, he comes close upon the limits of his 
power of detecting by chemical means the presence of sodium, 
the chief element in common salt. But if that small milligramme 
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be subdivided into three million parts, we arrive at so minute a 
particle that all power of discerning it fails, and yet* even this 
excessively small quantity is sufficient to be recognized with cer- 
tainty in a spectroscope. We have but to strike together the 
pages of an old dusty book in order to perceive immediately, in a 
spectroscope placed at some distance, the flash of a line of yellow 
light which we shall presently learn is an unfailing sign of the 
presence of sodium. 

It was to be expected that so sensitive a means of investiga- 
tion, from which no known substance can escape, would very soon 
lead to the tracking out and discovery of new elements which, till 
then, had remained unknown, either because they are scattered 
very sparingly in nature, or stand out with so little that is char- 
acteristic, from some other substances, that the imperfect chemical 
methods hitherto in use have not been able to distinguish them. 

This expectation was brilliantly realized even by the first 
steps taken in this direction. The two ^^idelberg professors, 
Bunsen and Kirchhoff, to whom we are indebted for tiie discovery 
of spectrum analysis and its application to practical science, very 
soon discovered, with their new instrument, two new metals, 
Ceesium and Rubidium, to which two others. Thallium and In- 
dium, have been since added. 

But all the brilliant and astoimding results which spectrum 
analysis has furnished in the provinces of physics and chemistry 
have been far surpassed by its performances in that of astronomy. 
Newton's law of gravitation has given us the means of calculat- 
ing the courses of the heavenly bodies, of projecting the orbits 
of the earth, the planets and comets, and of predicting their rela- 
tive positions in these orbits, together with the accompanying 
phenomena of the ebb and flow of the tides, and the eclipses and 
occultations of the heavenly bodies. But this same gravitation 
chains man to the earth and forbids him to leave it. It is, there- 
fore, only on the wings of light that news reaches him of the 
existence of those numberless worlds by which he is surrounded. 
The light alone, which proceeds from these stars, is the winged 
messenger which can bring him information of their being and 
nature ; spectrum analysis has made this light into a ladder on 
which the human mind can rise billions and billions of miles, &r 
into immeasurable space, in order to investigate the chemical 
constitution of the stars, and study their physical conditions. 
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IJntil within a few years, the telescope was the only means 
by which these investigations could be carried on, and the intelli- 
gence derived from this source concerning the stars and nebute 
was very scant, being confined to but partial information of their 
outward form, size, and color. 

Since the year 1859, spectrum analysis has entered the service 
of astronomy, and its performances for the short space of eleven 
years are, in the most widely-diflfering ways, perfectly astouud- 
ing. 

It is possible by means of a prism to decompose into its com- 
ponent parts the light of the sun, the planets, the fixed stars, 
comets and nebulsB, and thus obtain their spectra in the same 
way as that of earthly luminous substances. By a careful com- 
parison of the spectra of the stars with the well-known spectra 
of terrestrial substances, it can be determined, from their com- 
plete agreement or disagreement, with a certainty almost amount- 
ing to mathematical precision, whether these substances do or 
do not exist in those remote heavenly bodies. 

The foregoing statements present in general terms the es- 
sence and scope 'of spectrum analysis. Its starting-point is the 
spectrum of each individual substance, and in order to obtain 
this it is requisite that the substance should not only be lumi- 
nous, but should emit a sufficient qyumtiiy of light. Dark bodies 
are not available for spectrum analysis ; if they are to be sub- 
mitted to its scrutiny, they must first be brought into a state of 
vivid luminosity. 

To avoid later interruptions and repetitions, it wUl be desir- 
able, before entering upon the subject of spectrum analysis, to 
review with brevity the means afforded by chemistry and phys- 
ics for rendering luminous all substances gaseous and non- 
gaseous, and even the least fusible metals. 



2. The Luminous Power of Flame. 

The immediate cause of the luminosity of flame has not yet 
been fully ascertained, notwithstanding the many investigations 
that have been made with this object. If a glass receiver (Fig. 
1) be filled with oxygen, and a lighted piece of phosphorus be 
plunged into it from above, the phosphorus will burn with 
great energy and give out a dazzling light. In the same manner 
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THE LUMINOUS POWER OF FLAME. 7 

most metals previously raised to a glowing heat, as, for instance, 
a steel walSh-spring, will bum in pure oxygen, with the devel- 
opment of an intense light. 

Via. 1. 




Combastlon of a Steel Watch-spring in Oxygen. 

If, on the contrary, a stream of gas issuing from a reservoir 
of hydrogen be ignited in free air, it will burn with a scarcely 
perceptible flame. The flame produced by oil, petroleum, and 
coal-gas is very brilliant, while that from spirits of wine is 
faint. 

What occasions this difference ? 

The chemical process of the combustion of phosphorus and 
of hydrogen is the same, namely, the combination of these sub- 
stances with oxygen; the amount of heat evolved is also not 
very dissimilar ; the difference, therefore, appears to lie only in 
the nature of the products of combustion. In the case of phos- 
phorus this product appears as a solid body, in the form of a 
dense white doud (phosphoric acid) ; in the case of hydrogen 
gas, the product of combustion is invisible, because it is water in 
a gaseous form — ^that is to say, steam. 

This remark applies, with few exceptions, to all combustion 
.which takes place at very high temperatures. A flame which 
contains neither solid matter as a product of combustion, nor yet 
^foreign solid body in a state of incandescence, is, as a rule, but 
little Ixraiinqus, even when the temperature of combustion is very 
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high ; therefore, at a siimlarly high temperature, glowing solid 
or liquid bodies emit far more light than gaseous suUfctances do ; 
the fewer solid particles there are in a flame the less brilliant will 
be its light. The scarcely perceptible flame of burning hydrogen 
gas will immediately become luminous if any solid body be 
heated in it to incandescence. 

If a spiral platinum wire be held in the flame it shines bright- 
ly ; the glowing wire is clearly seen, and conveys the impression 
that the light is not due to the hydrogen flame, but to the glow- 
ing white-hot metal. The heat generated by the chemical com- 
bination of the hydrogen gas with the oxygen of the air renders 
the platinum incandescent, and it is the glowing platinum wire, 
not the flame, which emits the intense light. 

If a grain of common salt be dropped into the dull flame, it 
flashes up brightly with a yellow light. The salt is dispersed 
into a million of the smallest particles, all of Tfrhich glowing in 
the flame can no longer singly be distinguished : they thus give 
the appearance to the hydrogen flame as if it shone of itself.* 

For the illustration of this point it is unnecessary to make any 
artificial experiments, since the flame of common gas, which, ow- 
ing to its great brilliancy, is universally employed for domestic 
and other uses, is well suited to the purpose. Coal-gas is a 
chemical compound of hydrogen gas and carbon, though it is 
often contaminated to a more than necessary extent with other 
substances. • 

Carbon, after oxygen certainly the most precious of all sub- 
stances, alike valuable in its crystal form of diamond as in its 
dirty black fonn of coal, is not distinguishable in common gas, 
for through its combination.with hydrogen it has lost its brilliant 
sparkle as well as its black color, and it then appears as a trans- 
parent gas, not indeed as an independent body, but in the most 
intimate chemical combination with hydrogen, as carburetted- 
hydrogen gas. 

If this gas be ignited as it streams out of an ordinary burner, 
in contact with the atmospheric air, the greater part of its oxy- 
gen is taken up by the hydrogen in the gas, and a considerable 
quantity of carbon, for which there is not sufficient oxygen pres-, 

* [This experiment is more satisfactorily made by the introduction into the flame 
of a finely-divided solid which is not decomposed, as is the case with salt. Sdme of 
the light when salt is employed is dae to the luminous vapor of sodium.] 
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ent, is thrOTn down. Combufltioii takes place almost entirely 
near ihe-eSge of the flame, where it is in contact with the oxy- 
gen of the air ; in the middle, the gas is merely decomposed by 
the heat of the combustion, and in this heat the very finely-sepa- 
rated particles of carbon which have been precipitated are in a 
state of brilliant incandescence. It is to these glowing particles 
that the gas-flame owes its illnminating power. In order to see 
them, it is only necessary to hold a cold substance, such as a 
china saucer, in the brilliant part of the flame ; the disengaged 
carbon covers the saucer in the form of the finest soot. 

The same thing occurs in the burning of tallow, stearine, oil, 
or petroleum ; in the lighting of candles or lamps the combusti- 
ble substance is first decomposed, and then, by the heat of com- 
bustion, combinations of carburetted hydrogen arise in the form 
of gas. When the oxygen is insuflScient, only a small portion of 
carbon is immediately burnt, and that at the edge of the flame, 
where a great development of heat takes place ; here the product 
of combustion is a gas (carbonic acid), and therefore the edge of 
the flame gives but little light ; in the inner part, however, where 
there is a want of oxygen, the solid particles of carbon attain a 
white heat, and only as they escape out of the flame bum by the 
high temperature of the edge. It is, therefore, the incandescent 
solid particles of carbon that give to the flame its illuminating 
power. 

Easy, therefore, as it is to give brilliancy to a non-luminous 
flame, it is no less easy to deprive a brilliant gas-flame of its lu- 
minosity ; all that is required is to mix such a quantity of oxy- 
gen or atmospheric air with the gas before it is burnt, that the 
oxygen penetrates into the inner part of the flame, and bums all 
the carbon present in the gas. When this happens, the flame in- 
stantly ceases to be luminous, and is foimd nearly under the same 
conditions as the flame of pure hydrogen gas. With a sufficient 
quantity of oxygen the combustion of the hydrogen, as well as 
of the carbon, goes on with unusual rapidity in all parts of the 
flame at once ; the natural conseqaence of this is that, on account 
of the incomparably greater development of heat, the non-lumi- 
nous gas-flame is much hotter than the luminous one ; it is now a 
heat-flame, and a source of heat instead of light. 

In opposition to these fects, there are others which prove that 
the presence of solid particles in a flame is by no means neces- 
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saiy in order to give it luminosity. ^ra-kW has slio^ tha^^^ 
wSn hydrogen fe burnt in oxygen under ^ Pr^^^*X ofthe 
increaeing up to twenty atmospheres, the f^ebk ^ummo^^y of the 
flaxne becomes gmdu.lly argumented untd at a P^^^^/^J^^ 
atmosphere., it is bright enough to allow of a ^^^«Pf P^^^^^^^ 
re^d at the distance of two feet from the flame. A sumlar i^^ J^^ 
of brilliancy is obgerved in the combustion of earbomc-oxiae gas 
in oxygen underpressure; and, under sunilar conditions, Disui- 
pbide of cArbon biima in oxygen, or in nitric-oxide gas, witn an 
intense light, though no solid particles are present m the flame. 
Jrankland maintainB, therefore, that the luminosity of a coal-gas 
flame is not due to the presence of solid particles of incandescent 
carbon, and that the soot deposited on a porcelain saucer from a 
^B^i3aine is not solid carbon, but a conglomerate of the densest 
light-giving hydrocarbons. He has proved that the very clear 
flame of coal-gas is |>eifectly transparent, from the fact that ne 
sent the intense electric light through such a flame on to a screen, 
without the least trace being perceived of any solid incandescent 
partielcB of carbon. 

While Frankland considers the luminosity of the flame to 
depend mainly on the density of the burning gas, St.-Cmire 
Deville aBcribes it cliiefly to the tem^peratwre of the combustion. 
T^^hich is dependent upon the density of the gas. 

Wliatever may be the cause of luminosity in an incandescent 
bodyj this fact is certain, that incandescent, solid, and liquid 
bodies possess a mnch geater brilliancy and emit a much more 
intense light, than gases do when rendered luminous under ordi- 
nary pressure ; and that the luminons power of gases increases 
in proportion to the pressure to which they are subjected, by 
which their density is increased, and they approach more nearly 
the condition of fluids. 

3. The Bunsek Btjkner. 
The^ correctness of the foi^egoing statements may be easily 
shown by a lamp of Bnnsen's constroction (Fig. 2), which is ab- 
solutely re.pnred ie aU researches with spectru^ analyBiB. This 
bmnier causes a rapid combustion of the particles of carbon in 
T\ L u'"" ,r^^^*«s a tigh degree of heat, and this is ac- 
comphshed by allowing the gaf which entLth; lower part of 
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'ully with atmospheric air bef<>x*c3 '^>Sk^&iT^^^ 
lie burner. For this purpose, "fcliL^ lo'^v^x- 
I, so that the outer air enters fi-^^Il^j^ ^v^^^hil^ 
le gas takes up here a suflScieix-fc <^^MjM.^:M::M.±.it^y 
rith it to the top of the tube a cg^^ 

TiQ. 2. 





BanseQ^s Gas-bonier. 





lo light, but its heat is very considex^^ 
ir be intercepted by closing with ttx^ 

mixing-chamber S, the flame imrxx^^ 
ad throws down particles of carbon, i:^- 
t the case before, as no soot whate-v^^ 
bucer by the non-luminous heat-flattx^^ 
contrived, as is very desirable when, 
e, so that the entrance of air to th^ 
either entirely or partially — ^which j 
•ound a perforated ring — ^then the saxii^^ 
emately a luminous or a heat flame. 
; supply of air to the gas by closing tlx^^ ^ 

3hamber, the flame shines brightly, lij^^ I^^xx^ 

when, on the contrary, the ring is tix: 
188 into the mixing-chamber, the luncxi: 
le becomes a heat-flame. "^-^^^^^ 

I flame is so intense that it is capable t:>:^ 
tances, which it may be desirable to ^>Jr^:t^^-^^"*^'^ 



«asil 



"^^Ti 



^^^•^r^^ 
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by spectrum analysis, into a gaseous condition, causing them to 
emit sufficient light to yield a clearly perceptible speftrum. But 
a far greater lieat may be attained if the atmospheric air, instead 
of being left to mix iteelf with the gas, be forced in by means of 
a powerful blow-pipe, A contrivance of this kind is seen m the 
gas blow-pipG (Fig. 3) ; the gas from the pipe G enters a wide 



FW. 3v 




Bunwn^ Gntt Blow-plpe. 



and escapes at tj CZ^'tl' TtV^ZT^^Zta 

.laBtic tube. The gL!flam" ./^' ^^ "^'^ ^^ '^ ^eWows and an 
not only round tlS edi^e but 7'' ''' T'^ "^^^^^ ^^ *^^« ^^y* 

of theVoin aM elrbr^cf ^{ *'^ "^'"P^^*^ combustion 
..p and downtnnd paSy bv'th '' ' ««<^ape-end, a tube slides 
the degree of heat^ln th^V^' "'''''^' '°* ^^^^^^ ^^^ *^« «°«ks, 
greater the quantity of 1^1 ^t?! '''^ ^ T^"^^^^ ^^ ^i"- Th^ 
and the greater the eneTA J" 17" ^^^.'^"^V'' ^ ^^^^'^ «P«°«> 
the greater also will be fL^ ^'^^^^P'f ^ <>f ^^^ combustion, 
^ De the amount of heat evolved. For this 
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son, in the great laboratories, the atmospheric air iis f5o3r<3^<i lt:>j^ 
Dccial air-pump into a strong iron receiver of the C5^;^>^<3i't^5r of* 
eral quarts, where it is subjected to a pressure of* ozrx^ ^x^d ^ 
•"or two atmospheres. K this compressed air bo -^li-o-v^^^^c^ t>€> 
ipe along with a copious stream of gas from a com.xi::i.oDc:i. tixfc^ 
he same manner as we have just described, the flam.^ l>^<30iirx^^ 
of such intense heat, owing to the rapid and conctj^T.^^^ <3ox:rx— 
;ion of so large a quantity of carburetted hydrog^^xn., "fcli^t it 
power to rfelt in a few minutes considerable quant;i t^i^js of tli^^ 
fusible metals, as, for example, a couple of poimd^ <z>f T^l^i.'fcl 





4. The Magnesium-Light. 

here are some substances, such as potassium, sodin 
1 have so great an aflSnity for oxygen that the^;^ 
out ofita most intimate combinations in order to fV>: 
ew substance — a process accompanied by a deveI(>jf>:nK:^^:F:i -#- 
hght and heat. Among these substances, ^^gT^^^S^^^jaj-g^ 
ally distinguished for the extraordinary amount of* Jt^^,^-f- 
vhich it thus produces. This metal is white like siX- 
arkable metallic brilliancy; it is very light, but so: 
r than water, so that it will not float upon its 
heated in the air up to a certain temperature, it 
ims, at the expense of the atmospheric oxygerx^ 
and dazzling light on which, when near, the ejr^ 
look. 

rnesium bums with great rapidity, and the solid, 
bustion — solid incandescent magnesia — emits a, .^ ^^x* • 

^ht; it partly rises in the air in the form of whifc^ ^ ^^ 

•tly falls as white powder to the ground. """ 
18 power of the sun be 524 times greater thaxx -fc V^ 
^esium-ligbt, the activity of its chemical rays :£^ ^'^ 
ve times as great. This light is therefore Poci-^-j_-| ^^''^'^^^ 
for tlie photographic representation of objects ^^lxxc:*> ^"^-*,y" 
bted, of works of art in dark palaces and churc^j^ ^^x^^ 

mnd buildings, and of small landscape picture^ ^ of^ 

entatiojvs of moonlight, etc. It is well known tj^jl^^^^^^^t*. 
*atacoiii"bs, and the dark tomb-chambers in the ixx-t^ ^-t^^ 

le melting of platinum, air and hydrogen or oxygen and coal-gas sl^^^ 
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'jo.e p,™.»a. .-.e *^ea fine p.».og™pbic p«..r» b, ^e 

rid of tlie m»g"Mium-ligl;t- ^y,, ^^ „d 

U„fort..n.ttly, ll» l."« oj *™J„^„„„d thai tbe ordi- 

i'or the magiiesiuiu-light to t>e oi pi^^^ 




tion must be imder controlj and the light so arranged that its 
concentrated rays can he thrown in any direction. The lamp 
constructed hy Grant and Solomon accomplishes this object with 
tolerable snccess. It c* insists (Fig- 4) of a clock-movement en- 
closed in a case, which, when wound np by the key <?, and set in 
motion, turns two &mall cylinders, placed one over tlie othe^. 
The magnes^inui wire enters the case from a coil at o, where it 
passes between the cylinders, and is pushed forward! at a tmiform 
speed through the small brass tube p q. The orifice q of this 

* [The priiio in Hopkia and WUliams'a (6 New CaYendl^li Btreet, W.) catalogue 
in 12fl. p«r ounce for magn^iuna in powd*%r for burning.] 
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► of a silvered concave mirror, so -fcln-^^^j 
bed, all its light is thrown forward 5 l>^y^ 
e lamp can be turned in any directio:i:i. • 
fan H serves to accelerate or retard ^Tjt^ i52>^^>d 
"wovts are set in motion by pressing- <^<:>^%^^r-:K:^ "fclx^ 
pped by pressing the button in th.^ <3o:Ei.-ti 



arry ai«ray rapidly the magnesia form^xi t>^^ "fcln.^ 

lum, an artificial draught is arranged., "'^^^li.ic^li ^^ 

[amp is enclosed by a glass door, escaj>^^ in.'fco : 

through the space between it and tho ^K:~^:fl.^c5t<:^:B: 

atmospheric air is allowed a free entraxzi. c^^^ l>-v" ^y^_ 

\. The magnesium-vapor rises up the c^ln^ii 

ecting mirror, and the room in whieh -fcii.< 

ice, escape contamination from the frLiri.^i^_ 

lamp of this kind, contrived by Prof. 

, is represented in Fig. 5. The clock:—-' 

Fio. S. 





Prof, MoTt){ia> JAt^^mst-Lmtp, 



) lower part of the case at the back, abov^ 

ids of magnesium wire. In the front part: <:>-f* 

d the two cylinders through which, by m^^^^^ 

the bands of magnesium are pushed bene^^-^j o:<^ 
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chimney toward the opening in front, where they are ignited. 
The atmospheric air is allowed a free, entrance to the place of 
combustion, both in front and at the sides, so that a powerful 
draught is created, by which the ftmies of magnesia are carried 
up the chimney.* In the lower part of the chimney, below the 
light, work eccentric cutters, by which the ashes formed by the 
combustion are removed from time to time. Above the chim- 
ney is placed a bent tin tube of from three to six feet in height, 
over which is fastened a bag of gauze or muslin, which, without 
presenting any perceptible hinderance to the current of air, pre- 
vents the magnesia-dust from escaping. By this contrivance the 
light is preserved from the prejudicial influence of the vapors ; 
it exceeds in brilliancy that of the lamp described above, and 
bums with steadiness and regularity. 

We have dwelt the longer on this light, since magnesium 
plays so important a part in spectrum analysis ; but the heat • 
which its combustion generates cannot be used for volatilizing 
other substances and rendering them luminous, as its brilliancy 
is so great as to completely overpower their light. Under these 
circumstances we must seek for a flame which, with the least 
possible luminosity, shall yet evolve sufficient heat to frise most 
metals ; such a flame chemistry furnishes us in the oxyhydrogen 
blow-pipe. 

5. The Oxyhydeogen Flamb. 

In the Bunsen burner the combustion of coal-gas ensues 
slowly and incompletely : slowly, because the hydrogen in com- 
bination with carbon is supplied only in small quantities; in- 
• completely, because the gases are not mixed in due proportions, 
and the nitrogen of the air presents a hinderance. If, on the 
contrary, pure hydrogen gas be previously mixed with as much 
pure oxygen as will insure its complete combustion (two vol- 
umes of hydrogen with one of oxygen), oxyhydrogen gas is ob- 
tained, which when ignited explodes with a fearful noise, and 

* [When the light of bumuig magnesium is obseryed spectroscopicelly, in addi- 
ton to a brilliant continuous spectrum, the bright lines of the vapor of magnesium are 
9een, and also other lines which Huggins found in the light of magnesia heated in the 
oxyhydrogen flame, and which appear to belong to Tplatilized magnesia. The light of 
magnesium burning in air seems to have a threefold source, luminous vapor of magne- 
sium, luminous vapor of magnesia, but chiefly incandescent solid magnesia from the 
combination of the metal with the oxygen of the air.] 
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THE OXYHYDROGEN FLAME. Il 

occaBions Bometimes the destruction of the strongest vessels. The 
heat evolved by this combustion is the greatest which can at 
H present be produced by cherrvicaZ means, and it is suflScient to 
accomplish the fusion of substances which have borne unchanged 
the action of the hottest ftimaces. 

To make use of the intense heat of this flame without en- 
countering the danger of an explosion, the gases must not be 
mixed before ignition, nor allowed to flow out of the same com- 
mon reservoir, as in that case the flame would spread into the 
interior, and cause the ignition of the whole quantity. It is 
necessary so to arrange the apparatus that the gases shall reach 
the emission-tube from separate vessels, and be allowed to mix 
only immediately before escaping from the burner. 

The simplest arrangement of this kind is similar to that of 
the gas blow-pipe in Fig. 3, but with this difference, that the sec- 
tion of the two tubes should bear more nearly the relation of two 
to one. The gases are stored in two separate gas-bags * (Fig. 6), 

Fio. 0. 




G«5-bog ten Qz7g«n or Hydrogen. 

whence they reach the lamp by means of pressure. The outer 
wide tube of the lamp must be placed in connection with the 
hydrogen reservoir, and the inner nan'ow one with that con- 
taining oxygen ; both the tubes should be fitted with a fine brass- 
wire netting, to prevent the flame retreating into the inside, or 

* [More convenient tl^an the bags, in which the gases can be kept with safety but 
a very short time, are the wrought-iron vessels which may be purchased of Mr. Ladd, 
Beak Street, London, filled with the gases condensed to about twenty atmospheres.' 
These iron bottles contain sufficient gas to maintain an ordinary ozyhydrogen light 
for from six to eight hours. They can be refilled with condensed gas at a small 
expense.] 
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the gas extending from one tube to the other, from any cause, 
such as the diminution of pressure in the reservoirs. 

A very convenient arrangement for such an oxyhydrogen 
lamp, or blow-pipe, is made by fixing on to a stand the burner C 
(Fig. 7), with its two tubes S and W conveying oxygen and hy- 
drogen, the upper part of the tube C being inclined sideways, 
and so connected with its lower portion that it can be turned in 
any direction. K a carrier be connected to the piece E, which 
may be made to approach the burner, and ftimished at the end 
with a contrivance for holding things, such as a socket, pincers, 
a small plate, etc. ; and further, if a screw with rackwork be so 
applied that the whole upper part E may be moved up and 

Pro. T. 




Oxjhydro^en Btow-pipe.— <Draimnoiid*8 Lime-Hgbt) 

down — we obtain an apparatus which can be used for heat as 
well as light, and which, on account of its being so easily manip- 
ulated, may be employed for many practical purposes. 
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DKUMMOND'S LIME-LIGHT. 19 

To produce the oxyhydrogen flame, it is necessary to open 
.first the cock W, and allow the hydrogen to flow out for a few 
il^econds before igniting it, that it may expel the atmospheric air 
remaining in the elastic tube; the hydrogen bums, under the 
pressure of the weight lying upon the bag of gas (100 lb.), in a 
long, faintly-luminous flame. The oxygen-cock S may now be 
carefully 6pened — the entrance of the oxygen into the hydrogen 
flame being generally announced by a very faint explosion — and 
on gradually fully opening the tap the flame becomes shorter and 
more pointed, until its luminosity almost entirely ceases; if the 
excess of hydrogen gas be now shut off by turning the cock W, 
there will be immediately formed the small, pointed, non-lumi- 
nous flame of the oxyhydrogen blow-pipe. 

It would carry us too far from our present purpose were we 
to describe the range of wonderful experiments in combustion 
which are made with the oxyhydrogen blow-pipe in the lecture- 
rooms of chemists ; two of these will suflice to show the powerful 
heat produced by thi^ flame : 

If a thick wire of platinum, a metal very difficult to fuse, be 
held in the flame, it melts immediately like wax. If a bundle 
of steel wires be placed in the flame, the iron sputters about in a 
thousand brilliant sparks like a shower of fire, and great molten 
drops of the glowing metal fell to the ground from time to time, 
and run about in all directions. 

6. Drummond's Lime-light. 

In order to make the oxyhydrogen flame a source of intense 
light, a cylinder, D (Fig. 7), of well-burnt lime is placed upon 
the socket of the lamp, and the flame directed against its upper 
part ; it begins at once to glow, and throws out a dazzling light. 

The oxyhydrogen light, or Drummond's lime-light as it is 
sometimes called, after its discoverer, attains a still higher inten- 
sity, if a piece of magnesium or zirconia be substituted for the 
cylinder of lime — an arrangement that has often been adopted 
in the public illuminations in Paris. While the lime cylinder 
, dovly consumes in the oxyhydrogen lamp, so that fresh surfaces 
must be constantly presented to the flame, the piece of zirconia 
does not waste, and remains unchanged, in spite of the most in- 
tense incandescence.* 

* [Huggins found, in the spectrum of the light from lime placed in the ozjhydro- 
2 
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As the lieat as weU as the light of the oxyhydrogen flame 

^^.^ the light is at least equal to that o 1^0 stear^^^^^^^ 
die. Abe temperature at which platinum melts is about 1,470 
P 46T8^Fahr.V, but the heat of this flame under ordinary 
p; J^^iB eS^^^^ by Bunsen to be 2,800o « (5,070^ Fahr.).- 
As the oxyhydrogen light and the magnesium hght are employed 
in a varmty of ways— not only in public illuminations, but also 
in theatrical displays, in the exhibition of dissolving views, and 
in the gae-microscope— so the non-luminous flame renders im- 
portant service to spectrum analysis on account of its extraordi- 
nary heat, in which many substances may be rendered luminous 
ill a state of vapor. 

The facility with which oxygen gas can now be produced m 
large qiiantities, and the possibility of employing ordinary coal- 
gas in place of pure hydrogen gas, combine to render the oxy- 
hydrogen flame a cheap mode of developing an extraordinary de- 
gree oHieat and light, easy and safe to manage, and sufficient in 
most cases to exhibit, even to a large audience, the physical 
p]:inciple3 of spectrum analysis, and its various methods of appli- 
eatioii,t 

7. The Electrio Spark. 

To attain, however, the greatest amount of heat and light 

gea flampi l}right lines sunilar to those which are seen when chloride of calcium is 
heated ill the flame of the Bunaen burner, and which belong probably to volatilized 
liirie^ nnd not to the vapor of calcium. These lines show that a portion of the lime is 
volatilizt^d by the heat. No lines were seen in the spectrum when zirconia was em- 
ployed ; this earth, therefore, appears to be fixed at the temperature of the oxyhydro- 
gen flame} 

• [F^juillet gives 8,082* F. as the mdting-point of platinum. By calculations 
founded upon the amount of heat ascertained by Andrews and others to be emitted 
during the combuition of a given weight of hydrogen, and the experiments of Ro- 
gnauU upon the specific heat of oxygen, hydrogen, and steam, it has been shown by 
Bunsen tbat the temperature of the oxyhydrogen flame cannot exceed 14,580' R, but 
the actud flame-temperature, as shown by the experiments of Deville and Bunsen, is 
probably from 4,600' F. to 6,000' F.] 

i [The oxyhydrogen lamp is sufficient for the exhibition on a screen of the colored 
photogmphs of the drawings of spectra, but, when it is deared to exhibit the spectra 
of metalB^ the electric lamp should be employed.] 
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t T3e produced, we must leave tyt^^ 
s processes of combustion, and t;^:t: 
-sve are encountered by a host o£* :e^1:i.< 
LTitexise degree of light and heat. 

ic spark flashes from tlie thundei--d o^tx^ "fco -tl:^<3 
. tlie country around with a blindixa.^ li^^lxt^ 5 i fc- 
a its way the least fusible materials ^ ii^ li^ti.-fc— 
■reatest heat and the most intense li^g^lx-fc ^v^^ln^icsl::!. 
arth are able in general to product- 
f 'this electric discharge; we are &a^:Mr<:^&l^y 
destructive influence, and to presc5:E-iT:>^ "fco -fcX^^ 
ated path from the cloud to the ^^:r-tl:i.. 
ader such circumstances, confine oiiHT'^^l.-v^^^ 
•ge as produced by artificial means. 

rell-known machines which excite ^l^C5-fcx-i< 
sVL of a glass disk, there has been a(i<i^<a- of* I 
5d an induction machine, which yi^l<:i^ a, ^ 
force, and gives a spark of intense t^zKrilli^ir 
lotors arranged for exhibiting light, isjp>.^x-fe:^ 
two metallic poles or pieces of wir^ C^^^i^- 



to 



^:sr 
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The Electrio Spark. 

I in contact with those parts of the macbii:^:^ 
itive and negative electricity. By tfci^ 
le two electricities, and the struggle fox- 
pension of electricity at the end of the mot^ 
separated from each other ; if this be s<:^ 

3le presented by the stratum of air bet^v-^_ 

ctors is overcome by it, then the electric-itx^s — 

d, and the union takes place in that form c>:t^ ^x^l^^ 
1 is called the dectrio spark. ^*>--fc 

It of heat thus generated depends upon th« ^j^ 
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" te..o. and tUc .uantUie. of c.e<.^Hy ^y^^^^;^^^^^^^^^^^ 
it isproduccd; b«t, in '"^^^''tf,*: ' i^'^leTomc luminous. The 

glowing «-*^^l«r''''^'«SdB of^^^^^ accordinp to the nature 
Lo appears w.th v^"?";^^';"'^^^^^^ ^Wd ne, in aid of onx re- 

oi' tbe c««d"<=^«"\J?^^?!l S a very simple method of Tolatil- 
searchcB^ith spectra a^ljs^.^^^^^^^^ ^^^, ^ ,he 

iz'mg and raising to a niga ^^ 




^^"*^^"--| 



1^^ 



Thff Electric SpatV intaullletl b j^ a CondenSflr. 



metals and other Biibatances \^liieli are conductors of electricity. 
To obtain the Bame result witli liquids, it is only neceftsary, as 
Trill hereafter be more fiilly described^ to place one of the metal 
poles m the liqiiifl to be examined, and to bring tlic othcr^ auffi- 
cicntly near the surface for the spark to passfroiii it to the liquid. 
By tbe heat of the spark a small portion of the liquid is volatil- 
ia:ed and made lummons. 



L. 
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current ^^^ ^•^Yin oi » ^„plosoQ 
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only when every other light is withdrawn. Prof. Plticker, of 
Bonn, who, among the various scientific men distinguished for 
their, labors in the development of spectrum analysis, holds a 
foremost place, and whose researches on the spectra of gases are 
of the highest value, concentrated this faint light by causing the 
electricity to pass through rarefied gas confined in a very small 
space, and this he successfully accomplished by substituting very 
;iarrow capillary tubes for the wider ones previously used. 

Let us examine a series of Pliicker's tubes as prepared for the 
purposes of spectrum analysis. The first of these -is almost re- 
duced to a vacuum — at least the small amount of gas in it does 
not produce a greater pressure than jg^ of an inch of mercury : 
the second tube (Fig. 12), where the central portion a & is capil- 
lary, encloses extremely rarefied hydrogen gas, the thir4 nitrogen, 
the others oxygen, chlorine, carbonic acid, and minute traces of the 
vapors of iodine, sulphur, quicksilver, selenium, etc. K thesp tubes 
be brought singly into connection with an induction coil, in order 
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Bimflen's Battery. 

that the current may pass between the platinum wires A and B, 
and render the gas enclosed luminous, the first tube shows no 
appearance of light, although the wires are barely separated -J^ of 
an inch, and the spark could be discharged in air at the distance 
of two or three inches. It therefore follows that the electric cur- 
rent requires a material conductor for its transmission from one 
wire to the other, and that it cannot pass where there is no trace 
of either gas or vapor — that is to say, in vacuo. In the other 
tubes, however, the light passes through the narrow portion a h 
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Tlifi Electric Light 



mil be Been after a wliilej by tbe use of a dark glass, that the dis- 
tance between the points increases, and that their form is con- 
stantly changing ; after a short time the light goes out of itself, 
because the distance hetwcen the points has become bo great that 
tlie electric current can no longer overcome the resistance of the 
intervening stratuni of air- 
It is not prudent to expose the eye to a near inspection of 
. this dazzling light, and dark glasses prevent the delicate changes 
which are takhig place from being observed with sufficient dis- 
tinctness ; it is therefore advisablej after the example of Le Honx, 
to throw upon a white screen an enlarged image of the glo^ng 
carhona by means of a magnifying-glaes, when the appearance 
of the incandeacent carbons and the intervening arc of flame 
may be observed from a distance without injiirj^ to the eyes. 

For this purpose the room must be darkened, and a some- 
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Tlie Qgbon-polntoof flie BteotrioLlgfat— (Hlgfa^y imgn Med.) 

points — called the voltaic arc — is comparatively little luminous. 
It will be remarked also that one of the carbon-points begins to 
increase at the expense of the other; that which first loses its 
point and wastes the fastest is always the one which is in con- 
nection with the positive pole (the carbon-pole) of the battery. 
Very intensely bright particles pass from time to time from the 
positive to the negative carbon ; little globules are to be seen 
running about on the surface of the carbon — ^globules of melted 
silica, a substance always to be found even in the purest carbon ;• 
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these are the enemies of the electric light, for they give by their 
motion a certain irregularity to the arc of flame, and, as they are 
much less brilliant than the carbon, they considerably abate the 
intensity of the light. Should these globules, by their restless 
movements, reach the hottest part of the points where the 
strongest light is emitted, their rapid motion is made known by 
a hissing noise, but unfortunately also by a sudden diminution 
of the light. 

When the carbon-points have become so separated, that the 
voltaic current has difficulty in passing, by means of the incan- 
descent particles, through the air from one pole to the other, the 
strength of the current suddenly diminishes, and in like propor- 
tion the light begins to wane. This is at last extinguished, 
because the electric current can no longer build itself a bridge 
out of the glowing particles, on account of the distance, of per- 
haps half an inch, by which the pointas are then separated. 

It is evident from what has been stated that the electric light 
is certainly very intense, but also very uncertain, and that a 
special contrivance is required to make the electric arc a source 
of continuous and steady light. In order to adapt it to optical 
purposes — such as projecting an image ojx a screen to be seen by 
a number of spectators in the same way as sunlight or Drum- 
mond's lime-light is employed — a further contrivance must be 
added, to insure the fixed position of th^e light by keeping the 
carbon-points not only at the same dista|ice from each other, but 
also in the same position relatively to the lenses forming the im- 
age, notwithstanding ttie continual consiiimption of the carbon. 



11. The Electric Lamp. 

The ingenuity of scientific and practical men has succeeded 
in overcoming most of these difficulties, by the construction of 
various kinds of apparatus by whicl^ the point of light between 
the carbons may be kept steadily in the same place for hours to- 
gether, provided the carbon employed be quite pure, and the 
strength of the battery tolerably uniform. But all these lamp^, 
among which those of Foucault and Serrin hold the first place, 
are extremely complicated, and require constant watching while 
in use, on accoimt of the extreme difficulty in procuring carbon 
of the requisite purity and hardness. 
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The electric lamp conBtructed by Duboscq, of Paris, on Fou- 
cault's plan (Fig. 17), is a masterpiece of mechanism, and is in 
every way suitable for the combustion of metals and the exhibi- 
tion of spectra. Without entering into all its mechanical details, 




Fottcaolf B Electric Lamp. 



it is sufficient here to remark that the works are regulated by the 
magnetic power of the voltaic current in such a way that, in pro- 
portion as the carbon-points are separated by the waste of com- 
bustion, the carriers G and H are again made to approach. 

The wires from the battery are connected with the lamp by 
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by means of two connected cog-wheels, wWch can work them m 
either direction, a contrivance which helps to make the electric 
lamp one of the most complicated but at the same time one of 
the most ingenious and con^plete instruments employed in the 
illustration of physical science.* 

The intensity of the heat and light from the voltaic arc de- 
pends upon certain circumstances, but principally upon the 
amount of electricity generated, and therefore on the number 
and nature of the elements employed, and on the purity of the 
carbon-points. With a medium-sized battery, consisting of 50 or 
OO of Bunsen's or Grove's elements, the light varies from that of 
4O0 to 1,000 stearine-candles, according to the purity of the car- 
bon-points, and theu' distance from one another. Fizeau and 
Foucault have compared the chemical power of the electric light 
with that of the sun, by means of iodized silver plates, and found 
that the electric light from a Bunsen battery of 46 elements 
conld be expressed by the number 236, supposing sunlight at 
noon on an August day to be represented by 1,000. 

The Hght from a Bunsen battery of 100 elements produces 
much discomfort to the eyes ; according to Despretz, a single 
glance, even with the naked eye, is suflScient, when 600 ele- 
ments are employed, to occasion considerable injury to the 
eye, and a long-continued headache. Even when only 60 ele- 
ments are used, it is desirable to avoid looking directly at th.e 
naked light, and to protect the eyes with deep-blue spectacles 
durmg the experiments. 

We are now m possession of all the sources of light and heat 
requisite for a complete exhibition of the laws and phenomena 
which relate to the spectrum analysis of terrestrial substances 

Zn ^' TT^^ ^^^^^- ^^ «^^ ^^Ploy in our illustrations, 
^cording to the nature of the subject, sometunes the Bunsen 

sorJ^LLTht'^r^' oxyhydrogen or the Drummond light, 
andS X "^^T"" ^^^ ^^^ Teissier's and Pliicker's tubes 
^r^l^^'^'^'^'V^^ ^^^"*™ l^g^^- The phenomena of spec^ 
Sde of^r^r ^" r^^ ^^^^ ^^t Bi^Ple means to a sTaS 
cu-cle of spectators, where every one can approach the apparatus 

of spec Ja. The'Clmt l^Zed^T?'' ^^ ^^^^ ""^^^^ *'"'" ^^ exhibition 

Image of the voltaic arc may be r^^iT^A "f ^^^^e openings, by one of which the 

trum of the light sent through oneTJT '*''.'' screen, and by the other the spec- 

"^ro gn one or morepnsms may be thrown on the same acreenll 
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We will tljeretbre boldly ^rasp the pmi^oeed 5ri.c^\i\fj * ^ 

answer to it cannot be exhaustive, it will at least croTvtaVO- ''^^^^^^^ 
rial enough to incite to further reiiection, and pcrlxa^^Q aW> ^*^Oir^ 
tlie» necessary hasis for a more easy comprehensioix <2>:f t\i^ ^^^^O- 
rate theories which are emmciated in physical treat,! ^^e. 

According to the theoiy generally received at T^xesent, tV. 
whole univerBe is an immeasurable sea of hi^hly^atte^^iiated tvT ^ 
ter, imperceptible to the senses, in which the he«.^enlv IwS^^^ 

TtZ^m^r""^]^r^J'^^'^^^^^ This fluid, x^l.lohise^^^ 

ether, fills the whole of space— fills the intervals b^t^ire^^^ed 



-. ^ ^^^,^^^ ^^ „^^ aB ine pores* or interstices 
atoms ol a substance. The smaUest particles of tlx i. 



»*t- 



ter are in constant vibratory motion ; when this mot Ton y ^«, 

uZT"" *' *^'"*'"" °*'*'^^ ^y-^ it produces, if ^e imr,^ <^S 
J^on the „er^^c« ba «uffieie„tly .trong, a «ensatio« wJ. /^A^^^i^ 

viw-*"^-'",^"*^"*'^' *^'"'«*'»'-«' ^iHch sets the ether irn p^^ '^^ 
light and weak vibrations as faint light bat botb or *W'^»iJ*^ 

«^!;I^ ™ "" '° * "'^'^°°'^' «»d they neces^varily dimiai^ ^- 
str^^gth m proportion as they spread V^eeWes over a ^^^^ 

^>Jltl/: ZZ^Z^r^''^ BubstB..-e, b.t only tU, "" 
-tion, .encri^:"SS?;rTeS:i:f - '^ ^^"^^^ ^^^^ 

13. ANALOOy BKTWEBN LlOHT Ajrt> SotlKD. 

Tim representation of n.« * v 

priBing when wc come t" '• "**"''*' *'*' I»^^* ''**''^ t.^^ «^^~ 
those of atmospheric air JT""? *"*'' "^« vibx-»ti"n« "^^ <'*^f ^*tH 
sonnd-betweeu the evp «??.?'*^ * paralle^l bctweoi hght ax^^ 

A gtrinc^set in vihr f ®*'"- 

of the surroundinc air T'^^*''^*'* * compres«io» *'"<* «'«»factio^ 

and eondonsed; behJml' Ittv * °*' '* ^^^ *«*■ '® P'"'**^'' togethe,. 

thesnn-oundingair whJ;*i:'® '^''''"""» it er*?^*^^ '"^ ^"^'"^ ^P by 

'"^^'^^^tJ^^s becomes rar*^:fie<3 ft"- t^e^'omenC 

• The hjrpotnegis, that atmo k 
be placed in ,he rrom of ether U^l"^. *'•■ '** » Wnditioa <.r o«trane «ttcnua«on is u> 
phenomeaiL to Ue hore onterfflied '"K"" ™d too «**'* a«PPOrt«l by optical 
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«ri«i Of holes pUced alon^ eight ooncentriccxrcle^^^^^^^ ,^^ ^^ 
STarc siven in tlie drawing: tho holes are «f t'^^'f;;'"^^ tUeir 
e^ "rcfe, and at equal distances from each ot^r-oj^^ 
Tmnbcr increases in each ring from the centre to the e<l„ 



Fin, IS. 




ThA Btreo. 



WliGB the disk, by means of the large wheel, is set in nuif^^,^ 
motion at the rate of one revolution in a second, and one eip^^ 
of the holes is blown upon with conBiderable force through ^ , ^ 
or metal tube, B^ a note is heard: by blowin^^ upon the hq^^ 
series higher, tlie note is of a higher pitch ; a lower Bet of KqI 
givcBy on the contrary, a deeper note ; so that, if all the ^^^ 
were blown npon in Bucccssion from tlie loweet upward^ t^"^ 
diatinct notes of the complete octave wonld he heard. ^ 

This apparatns has received the name of the Siren ; j^ 
" notes are not indeed ensnaring, nor does she tlireaten philQ^J^ 
phers with the dangers of the Homeric heroes by the secliietiv 
charm of her voiee;" on the contrary, she Bings notliing -^^ 
truth, if only a willing ear be lent to her song. 

What IB it that here prodnccs the sound i Tlit^ mere revolt 
tion of tVie dlj&k makes no noise ; the motion of the air by tli" 
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the perforate*! disk, as shown in the apparatus in Fig. 1^' *^^ 
while the wlieel is in rapid revolution to hold a thin card o«" ^ 
piece of pasteboard against its toothed edge. The card is beut 
a httle by each tooth as it goes bj, and sjjriugs back to its first 
position as eoon as it is released by the passing of the tooth : the 
motion of the card is communicated to the surrounding air, and 
reachijsthe ear in consequence of the regular re%'olt-xtion of the 
wheel, m the fonn of waves of air, or of condensations and rar.^ 
tactions ot the air following eadi other at regular in-tervals. 



Fin. n. 




™ble one Wr'?*^^^ ""Pnlses of the card, distinctl* ^^'o. 
^^ic^lVuT r '"■' ^■'''^■'' ''° "«>* ^ y«t «mitetofi.^«I>a~ 
station s i^:J;, l^-'^'""' however, as the rapiditV^J^ H 
thoy unite tl? ' ' ""T^^' °*" ""P»'^«« ''^<^'^^ aW *l»e 
!^ pitch. A^^r *° P?d"^-« "^'i-^ioal note.s rising cont^' **^^ 
toothed wheel '?^ T"''"^' «PParatus fixed to the axf^ ^^^y 
thisnumberbe^Ti;'',*: TT^*''' of revolutions in asel.*, «»e 
wheel, the esult • ' .f ^'^ ''''''' *J>« """>ber of teeth 1^ ' ^f 

^. th^ e:rrf.-Tntr;t: t7"^^^^^^^^ 
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The gradation of the colors from red tbrougli y e\\o^» _, ' 



and bine, to violet, is to the eye what the garaut is to ^ . » 

and it is therefore not without reason that we spea-Xc ot ^^ *'^"tx^ 
and harmony of color. To the i)hy8ici8t the ^voir-cla eoV*-*^ ^tk.^ 
tone are only different modes of expression for simila-p am* *^^<^S^W 
allied phenomena ; they express the perception of :p«3^alar Hiov " 
mente recurring in equal periods of time — ^in ettor P«><iUoi ^" 
colors, in air musical soiuidsi in the former ins(:a.ziG« by n^ ^^ 
of the organs of sight, in the latter by the organs o£ heai^^^'^a 
inovements of extreme rapidity hi ether, of more m.o<^erHt& ^^^^ 

But It will be aaked, Wliat becomes of those vil>i-**«io»« 
are above and below the limits of the eye's sexisil^i J J<r tl ^^iol. 

and color? Do they wander about purposeless an«i ^m^ ^i&TT 
J3y no means: forces are proved to exist in the x-^ys ^f ti *^o^* 
and other mtensely luminous bodies, which cannot l>«pe»r^ «ti>l ^ 
by the eye. Those slower vibrations vMA, tliou^J;. tij«.'^^^V^» 
reeUoned by billions in a second, do not vet amoxint to *^^^ ^^<t 
lo.., are made apparent to us in the sensation of lie»*, h^k^. l>i»,^ 
ako the result of oscillatory movemen^-ratUant \ieat boii^J^oJ^ ^'- 
hght, propagated without the aid of foreigi. bodies. Thos^^.^il^^ 
t.onj on the other hand, which have a vSocity greater tha^^*«^^ 
by which deep violet is J^roduced^^t wl^icl. coAor the *^*^t 
suscept.b,hty to light ceases-reveal themselves by their p^^^>^ 
ftilc]em,eal action; they succeed each oSfer too rapidly |Si?t^*>^ 
v«i^] nerves to be any longer conscious of t1»e impute, but '^j'^^ 
'o;nf\S;lr'"°'^'"""^-' ^W--' andthedeeo^^-^ 
agency oT^'ese W? ^kT" "^'^ ^"^ undoul^t.«dly traced to ^5*^^ 
ceeded in TioderaUn . ' "'^^- ^^ Englisl^ physicist has ^^^ 
i.„ * 'I'oderatitig the excessive ^^i„°r*^r of these vibratir.J' 



* [Fluoreacont Bubataii^^^ « 
f"m a perfcca, coWle^H boLh"'"*^.. ^^^ P~periy. Th« f»ccu««r blue light dUH« 

»'»» »« Mibscqucntl, cxamin. V ^^■■""' "Orion, v»et ».»>'«' *<>'"*'™*"°*^^^"»«»a 

C the solution ofquinino con^^l ^/'^-t*' I*«no«e„» ; h,. „bo*f "»* the blae lig,^^ 
Of thecy. which were orlgi^I .« '''™"°"» »>">"eb' »-itl>S'» ,l,e h».L, of the powe^ 
bwk of the hor«.ehc,o>„f^"' *°° ~PW to be v«lble. I*" " ^T^ '"'^^'°'' ^'^ *»»o 
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travel through these bodies. Thus objects are seen withp'"*®*^^ 
distinctness through a thin sheet of glass, while througli » *'^<it 
piece they are less clearly visible, aiuJ are eometimes alwost oV 
litcrated. 

So long as liglit passes throiigli a completely liomogexieoufi 
medmm possessing the same dcnsfty throughout, it is transmitted 
in a straight l.ne; b.it it is quite othen»-ise when it passes fr-I: 
one medium to another of different constitution. AVlvexi f?^ 

emnplo a ray of light coming through the ail- stz-ikes upon th 
Siri *r*"'r'"J'°" " ^^'«^* of glass, and aftorward p^^^ 
iZf .>, ^^' ^^""'^^ substances, it deviates froi^.^ its stS^' 

when^it falls perpendicularly to the surface sep;r«.*i«g th| "^^^ 

-&;tn7i::;Sn'^^^,i: ''- -^<^^^ ^^^t t^t 

The laws of refraction ^»..v. J.J... , ... . "^ *t 



tinuation ofth.J^^T^.^^ ''**'^ *•"•«"§!' the w, 

^•f IRSbutifth1nfl^i^":H''i'*'^^^'^^'-* ^" *^« ^^ ^-'»' 
pendicular I O er^nf , ' r^^'^^ ^^ "^^^er than I R> to ff®*^***o»> 

Tl^e -fraeted rLTlt:^ *^« ^.'^-^ of the water at Z ^f. Pe.^ 



The refracted ravir *'° *> "'^^^^ ^^ ^^^^ water at the r 
•»Jthe incident ,^v I?™?,"' J" ''^^ ^^-^^ P^^-^^ K I Q^^^^t j 
5!^- the angle S'l^'.rl^.i^^ perpendicnlar I Q, an^ f^^4 



:Poi„,. 

plane theangie S oV"^*^ J^^ rerpendicnlar I Q7and T*^' 
dicular Q pt Se 5 '^'•"^^^.^y the ray R I with the ^^ tJ^ia 
t^s, greater thin th?''' "^^t''^ ^^^^ ^«. ^^^ very fe^^^^^^n! 
tj« P-T>endicutVp in'tSe / ' ^ *"^""«^ ''^ «- ray7|'^«^J.- 
pa passing frora a rafer iatt^ r'"" '"''^"'" ^""*''' 8^«« "^''^ 



bent ^«°/";" «••*••«•• "ate 

Tf-l^:, on p!tln'g7uTaSn J;- «- denTer-m^il.u;-'; ^.^Uau- 
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If a my of ligbt, as S I in Fig. 21, be tratistiiaitteA ^^^xrvrA ^ 
air through a medium, M M, with parallel sides-^ XoX ®^ 1^^^, 



deA\x, 






tlirougli a plate of gla&e— then a simple consti-viC!:tioTi ^ ^ 

from the preceding law will show that the incid^xii:* r^'S \ 

be diverted at I toward the per]>endicular I N^, ixi ^Jsx^ di^p^^^Oxx T 

R; bvit that, on its emergence from the glass at Tt, ifwiU B^g^j^ 

deviate to an equal aniount froni the perpendicul^i- UN"', So ^Xj 

in whatever direction the incident ray SI nia^ ±^H, tile ^>w ^ 

gent ray R F always remains parallel to it. A. ^j>^ctatoi» - ^^X*- 

on the opposite dde of the glass plate M. M, ^w-o v» T <i recej^ 

incident ray S I in the direction B F, and would &^^^ tie 1 * 

point S, whence the ray S I emanated, in the (ii:t*^<3'fcioa 



that this point would app^r in a diiferent place, S"^ t;*^ th^^ y^*> ^o 



> 

e 



it really occupies. 



^1.1 



*ol» 




' "r Ui« i:»y, u.i^„t.L a Mcdtuii. »|o, ,-»r«"«-» *'"''* 
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Fw. 23. 




Beftwtloo czlitblted on b Sctaeo. 



No change is perceived in the image of the arro-w- itsejf^, 
the part where the glass bar depicts itself is some-whot 7 ' o^j j 
111 mated than the rest of the screen, which i» caused by j,^ tll^* 
sorption of a portion of the light in passing t\iTO«gli tl^^ *^ ^^ 
glass. It may be concluded, therefore that t\ioBe rays of ,t*icit^ 
wh.di paas through the glass, perpendicularly to its Bide^ J'^l* t 
not been diverted from their strai^t congee- , ^^'^^'^ 

It, liox^-eyer, the glass bar be held obliniiely ag^"'»^* *^« a>^_ 

be rays oi hght proceed no longer iuLTr-J&^^t ccirse bot^^^. 

t and the lens I,, but are turned on one sfdo, ^ ^^^^ ^^ «4x"^** 
the corresponding piece of the image of tlx^ arrow &, whicl^V** 
pears displaced sideways from the shaft **- 

row, a"diX;/tSrr" '• '"'''' If/mse^^d f- «mue ^,^ 
in front of fV 1 . ^''^''^ ^« a narrow v<5X-<^»«»^ '^'*' ^^ '"^ert^-, 

glaibar «be ddTf '^^ "^^^«^. a bright sl'^T 1^°«- If tU« 

glass, there appears nil Perpendicular **> *he surfaces of t^^ 

Bpot C of the Ce^"^^*'"ett dimness ix» the correspond!^ 
the light bylhe £ T?r ^'^^"^^ ^^ '^^ ^""^'^ absorption o^ 
the slit, the cor?es^n;a- ^°^^^er, the gla-ss be mchned against 
the right or left aSo^.*^""^ ^^^^'^^^ of the ix^^Sfi '« f ^placed to 
the image of aeeSt'^^ *" ^^^ mclinatiox* of the glass bar, axx^ 
»«c appears broken. If tlio expennaent were 
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the prism removed, it would pursue its original cortJ-©o a\o^S 
straight line D D,. 



luYi^ 




ThePrlBm. 



It will thus be Been that the incident ray 1> « ^^ d-ofleefc^^ 
the prism neither in a strai^^ht line nor in a pavallcl <3 ' J^eot^^ Oy^ 
theory and experience have both established tbat. i^* ^^^""^ c««e ^^ - 



Fig. 26. 




' <in btjuidu 
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5g SFEOTRUM AJ>SA1,t&io, 

fore, the rays from a candle (Fig. 29) are made to pa.s.s tVt©^ ^kx<fe 
prism before reaching the eyei and the prism bo pla.c5^A^3^ 



Pie. sa^ 





K^fiwuon of a R.y „r I.lght by . PH,«> 



ttiys are bent down toward the base the eV sees the flame i^ 
he direction of the emergent rays-that U i" ^ ^gher poBitio^ 
than It reahy oecupie«. If, on the con riv t^^^^ P"'"* ^"^ *™^«^ 
round BO that the base is upperu3 tl e rf^J^s "^ "«^'* ^^ ^ 
ra\r;tSn"^^ '^^ oS^ree:^^;;i^^.iIl.ee the«o~^ 
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As eacli color has a length of wave i)©ctiliar to Itself, so alBO 
hflB it a particular degree of refrangibility ; and therefore a beam 
of light which is composed of several colored rays must be do- 
composed bj refraction into its individual colors, since each single 
ray ia tle:flected or refracted in a different degree. The mingled, 
rays of light travelling along one common road, which appeared 
to the eye before refraction as a light of one color, are separated 
by its agency according to their several degrees of refrangibility, 
and afterward proceeding in distinct paths they are distinguiBhed 
by the eye as separate colors. 

When a monochromatic ray — red, for instance — passes 
througli a prism, the amount of its dispersion does not depend 
merely on the rapidity of the ether-vibrations, or length of wave, 
but is also considerably influenced by the nature of the substance 
of whicli the prism is composed, and the angle formed by tlie 
two surfaces through which the light passes. There is, under 
similar circumstances, a greater amount of refraction in a prism 
of bisulphide of carbon than in one of glass, and the refractive 
power varies, as we have seen, with the kind of glass of wliicli 
the prism is formed. For the purposes of spectrum analysis, 
prisms of dense flmt glass with. an angle of from 45° to 60*^ are 
generally employed; but, if the highly-refractive properties of 
the substance, bisulphide of carbon, be requfred, it will be ne- 
cesBary to make use of a hollow prism (Fig. 31), formed of plane 
bSfheld ^ ^^^^"^ ^^*^ cemented together, in which the liquid may 

The question now presents itself as to how colorless, that is 
k rii I '^^*' ^ ^^^^*^ ^y ^^ P^s^« through a prism. It 

^otJ^^T/ I "^ "^^^ ^"^^ ^^^^ "gh*- This Hght, however, is 
1"'^TI' ^^^^ di^POBal, leastof ^1 in a pubUc kcture-roo; 



SluiS^^^^^^^ "^'"™S ^PO^ any expenmem 



sun. 



public lecture-room ; 

any experiments with ai^ 

prismatic 



18. The Solab Specteum. 

hole \n the ^nZ^^ l^ ""^^^ *^ ^"^ ^^^^^'^ ^ ^^ ^^<i 

^- 32, tW^r^^^'*^^ ^f * J^^^^-ed room, as is shown m 

^ . ''^^^'^ appear a round white spot of light, exactly S 
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is 

* 



its straight course upward, that is to say, toward the base of tho 
prism, and away from the sharp edge of the refracting surfaces, 
which, as represented in the dra'wing, are turned downward* on 
its emergence from the prism it no longer remains one single 
ray, as it entered the window-shutter, but is separated into very 
many singloKJolored rays, which, as ihey continue to diverge, 
form upon the screen an elongated band of brilliant colors, ^' 
stead of the former round white image of the sun. In this brill- 
iant band the individual colors blend gradually one into the 
other, beginning at that end lying nearest the direction of the 
incident ray (the lowest end in the figure), with the least refran- 
gible color, a dark and very beautiful red; this passes imper- 
ceptibly into orange, and orange again into bright yellow; a 
pure green succeeds, which is shaded oflF into a brilSant blue, and 
this gives place to a rich deep indigo ; a delicate purple leads 
finally to a soft violet, by which the range of the visible rays is 
terminated. A faint picture of this magnificent solar image 
given in No. 1 of the Frontispiece ; this is called the J^pecirum. 
In the above-mentioned colors of the solar spectrum the eye dis- 
cerns numberless gradations, vrhich pass imperceptibly frona one 
to another; and since language does not suffice to give separate 
names to each of these, we must content ourselves with desigT 
nating only the seven principal groups, which are known as tlie 
colors of the spectrum. 

This experiment furnishes conclusive evidence that wbite 
hght 18 not simple and indivisible, but composed of innumerable 
colored rays, each of which possesses its own peculiar degree of 
refi^ngibOity, and therefore, on refraction, pxirsues a separate 
path. The prism analyzes white Ught • the result is the separa- 
tion of all the colored rays of which it is composed, and tlie con- 
sequent formation of the colored image called the Spec^rutn. 
^ The decomposition of sunlight bv refraction is shown 4n va- 
rious phenomena known to the ancients as weU as ourselves, 
though they were not able, as we are to trace them back to tlieir 
true cause. The rainbow, with its nure but delicate colors, tlie 
Sdh . '? ^^^^^ ^ ^^ ^^iu4t flashes, the play of color 
fitted by cut glass, and the prismatic facets of crystal lustres as 
the sun shmes upon them, the ^^ o^lhe^^ ^^^^^^^ ^^^■ 
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ly distingaished from refraction. The latter, as we have seen, 
varies in amount with every kind of color; it is greatest in the 
violet, and smallest in the red rays. The amount of dispersi^ 
to which -we shall again refer in a closer analysis of the solar ^^S^^ 
is determined by the length of the spectrum, or, in other words, 
the distance between the extreme red and violet rays. As tne 
nature of the reflective substance of a prism— for example, the 
kind of glass of which it is made — and its refracting angle each 
exert an influence upon the amount of refraction, in a smiilar 
manner do the same conditions also affect the amount of dis- 
persion, or the length of the spectrum ; it may* however, be re- 
marked here that refraction and dispersion are not increased or 
diminished in equal proportions. 

The different colors are not present in the solar spectrum in 
the same proportions, and consequently they assume very unequal 
lengths in the spectrum. If the whole length of the solar spec- 
trum be divided into 100 equal parts, the proportions of the 
colors will be as follows : red 12, orange 7, yellow 13, green IT, 
blue 17, indigo 11, and violet 23. 

The unequal brilliancy of the different colors of the spec- 
trum is apparent even to a superficial observer, and Frannhofer 
found by carefiil measurements that, if the greatest intensity ot 
light which -lies between yellow and green were expressed by 
1,000, the light of orange would amount to 64=0, the middle i^ 
to 94, the outer red to only "32, the green to 480, blue to ITO, 
between blue and violet to 31, and violet only to 6. 

19. The Spectra of the Limb>.mght Ain> the Elbotkio liioHT. 

In the absence of sunlight, Drummond's limelight (P^^/-' 
p 19 ) may be analyzed by a prism in the following manner : I^t 
the lantern L (Fig. 34), which has been already described, be 
placed on a table T T, 5 feet long and 16 inches wide, turning on 
a pedestal P, and the lime-Ugh? lamp introduced, in front of 
which IS msefted a diaphragm rf, pro^^di with a contrivance for 
aUowing the light to pass out of the lantern through a narrow 
^t. Opposite the lantern, at a distance of 12 or -15 feet, place 
two paper screens S S„ 8 feet squailSlined to each other at a 
wide angle; let the limeK^yliSer^W be raised to incandes- 
cence by means of the I. Syhy^og-^ «^' *^ """"" ^ 
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completely darkened, and the table T T so turned that the tube 
d of the lantern be perpendicular to one of the ^^^^^^J^\ 
Then let a double convex lens Z, of 4 inches diameter, and abou 
V2 inches focus, be placed between the sHt d and the screen S, at a 
distance of about 12 inches from the slit, so as to throw the rays 
issuing from the slit upon the screen S in the form of a sharp ana 
magnified image, <?, of the slit d. Close behind this lens Z, a flmt- 
^-lass prism P of 60°, 2i inches high and 2 inches broad, must be 
placed in the direct path of the rays,* when there will instantly 
appear on the second screen S^ a magnificent spectrum, about 
feet long and 16 inches wide, exhibiting the whole range of colors 
113 shown in No. 1, Frontispiece. Owing to the distance of the 
screen, the spectrum is displaced very considerably from the ^o 
d\ where the rays fell when unbroken by the prism ; the red lies 
nearest to that straight line, the violet is the farthest removed 
from it ; the former is therefore the least refracted, and the latter 
the most so. The individual colors succeed each other without 
the shghest interruption ; their limits are not sharply defined, 
they rather blend gradually one info the other, and thus form an 
unbroken, or coni^tiotis spectrum. 

As the lantern L may obstruct the view of the screen S^ to 
some of the spectators, the top of the table T T can be turned 
upon its pedestal F, so as to throw the spectrum upon the screen 
S. Instead of turning the table, the colored rays as they leave 
the prism jp might be received upon a fiiat mirror, and thrown by 
reflection on to the second screen ; but the spectnim would lose 
m intensity by this reflection, inasmuch as a reflected ^^^S®^ 
always fainter than the object. The table might even be turned 
farther round still, and the prisiA be directed toward the specta- 
tors, when the rays could be thrown by means of the mirror to 
any part of the room. 

In order to obtain a pure spectrum, the vddth of the slit muBt 
not exceed one-sixteenth of an inch • were it widened, the spec- 
trum would greatly increase in splendor and brilliancy, bixt it 
would be perceived on a careful exammation that the colors in 
the middle were neither so pure nor so clearly separated one from 
another as before, and that in the centrt the liglit had becoine 
almost wmte. ^"mo 

•'"•ta portion of the Priam U the moat adv.». because &e Iom of HgM Is 



L 



Digitized by 



Google 



68 



SPECTRUM ANALYSIS. 




Browoiiig^B Electric Lamp. 



Immediately in front of this prism j? (J'ig. 36) is placed the prism 
of flint glass jp„ so arranged as to throw the rays upon the second 
prism ^ in a manner similar to that in which it had itself received 
the light from the lens (the prisms forming an angle of about 100° 



Fig. se. 




Action of the Doable Priam. 



with each other) ; in this way the spectrum is extended to the 
length of about eight feet, and diverted more than 90° to one 
Bide : the colors, however, though still very visible, and easily 
distinguishable one from another, have yet lost much of their 
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'original brilliancy. A combination of two .prisms of bisulphide 
of carbon would extend the spectrum still farther, but the bright- 
ness would be diminished in the same proportion. 

In many scientific investigations, not merely two, but some- 
times four and even as many as eight prisms, with angles vary- 
ing* from 45° to 60°, are employed, according to the strength of 
the light. 

20. Recombination of the Colors op the Spectrum. 

K white light be actually composed of the colors contained in 
the spectrum, then the recombination of the same colors must 
reproduce white light. The simplest method of collecting sev- 
eral rays of light into one point is by a convex lens or a burning- 
glass. K the sun's rays fall perpendicularly on such a glass, the 
refraction they suffer in their passage through it causes them to 
converge to one point — the focus. To accomplish by this means 
the recombination of the colored rays of the spectrum of the elec- 
tric light, a cylindrical lens must be interposed between the 

Fio. 87. 




Reoombinatioii of the Colors of the Spectrom. 



prism and the screen on which the spectrum of the small line of 
light issuing from the slit is extended to a length of some six 
feet : this lens is a convex lens of peculiar form, which possesses 
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the property of recombining in a point all the rays issuing from* 
each point of the line of light passing through the slit after dis- 
persion by the prism, and therefore of representing the whole of 
the rays of that short line of light again as a small line. When, 
therefore, this lens (Fig. 37) is placed at a proper distance behind 
the prism, the colors of the spectrum disappear from the screen, 
and are replaced by a short line of light, some few inches in 
breadth, white in the middle and slightly colored at the edges. 
As this color indicates that the large screen is not in the focus 
of the lens, a smaller one is placed nearer to it, upon, which the 
image appears as a purely white, very narrow line of light, in 
which all the colored rays issuing from the prism have been re- 
combined, and the white light reproduced out of which they 
originated. 

21. Influence op the "Width of Slip on the Pukity op 
THE Spectrum. 

The spectrum of white light is the richer and purer in color 
the narrower the slit is made : the truth of this statement will 
be easily proved by the following considerations. The ray of 
white-light a a, (Fig. 38), falling on the prism P from the ex- 




Inflae&m of the Width of BHt on the Pioity of the SpeoCrom. 



treme end a of the slit a 5, produces a complete spectrum r v, 
which contains between r and v, or red and violet, all the colors 
of the spectrum. In the same manner the ray h Jj, proceeding: 
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elmilar spectrum, the colors being*distributed in the order repre- 
seoted in the Frontispiece, No. 1. K, instead of the lime-hght, 
the magiicsium-light (§ 4), the light of an incandescent plati- 
num wire, or the flame of coal-gas in which light is produced 
by incandescent particles of carbon, be analyzed by the prism, 
i-ontinuous spectra are always obtained, but with this difference, 
that the various groups of color are not always distributed in 
exactly the same proportion in each individual spectrum ; and 
therefore, atjcording to the kind of light employed, sometimes 
red, Hometlrnes yellow, and sometimes violet predominates. 
Only in very rare instances do incandescent solid substances 
emit with any preeminent strength an isolated set of colored 
rays, as is the case with the very rare substance, Erbia. It may 
therefore be considered that, as a rule, where there is a corUinu- 
QU8 spectrum 'without gaps, and corUaining every shade of color ^ 
ths light ia derived from an inoandeacerU solid or liqwid hody. 

, ^3. The Spectra Vapors and Gases. 

^ Very different spectra are obtain^ when the source of light 
18 not an incandescent solid or Uquid body, but a vap<^r or a gas 
m a glowing state. Instead of a continuous succession of colors, 
the spectrum then exhibits a series of distinct bright-colored 
bands, separiited one from another by dark spaces. 

As gases and vapors in a luminous state emit mxich less light 
ban do sohd bodies, the exhibition of their spectra on a screen 
betore a large audience is restricted to those substances which 
give by their volatilization in the oxyhvdroeen flame, or electric 
amp, a luminous vapor of sufficient brill^ncy to form a b^^- 
tireS: '/* ''"" distance, notwithstanding the dis- 

So tilth tSf? '""" ?\'>'*' ^^d tl^e lo«« «f «g^* ^y '*" ^^ 
sage tjirough the lens and the thick nrism For this purpose. 

All particularly suited 

n.en^l2lth\?^^f^r" ^^^^ ^ ^P*^^ '" *r ^^^^ 
U^ - t ^^ ^^^^^ scarcelv an^r lio-bt, yet the electric 

f^rir^rt^eTof^tSl*^^^^ 

above-named suW'^^'"^*^''^ volatilizes ^nore v^V^dly the 

luminoBit; uZlrT '"v.^^^g^ *em to a higher state of 
i in order to exhibit these spectra, the apparatus de- 
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Tbe carbon which has become contaminated by the zinc may- 
be replaced by a fresh cylinder, in the cavity of which is laid a 
piece of copper, and the electric current again allowed to pass : 
a spectrum of quite another kind appears on the screen, consist- 
ing of three bright bands which were not present in the zinc 
speetruiD, while the red and blue stripes which characterized the 
latter have disappeared. 

Instead of the carbon-cylinders, thick rods or wires of zinc, 
copper^ etc., may be employed : the spectra are then more de- 
cided and brilliant, but are very evanescent, lasting only for a 
moment, because the metals bum away the instant there is con- 
tact, and the electric current is then interrupted. 

The inquiry now suggests itself whether the ether-waves 
which produce the colors in the spectra of zinc and copper would. 
sufter any reciprocal interference were the same experiment to 
be made with brass, a substance composed of zinc and copper ; 
or whetlier each material in this alloy would emit independently 
its own peculiar colors, so that the speatrum of the compound. 
substance would consist of the superposed spectra of the compo- 
nent metals ? In order to obtain an answer to this question, it 
is only necessary to lay a piece of brass in the cavity of a fresli 
cylinder of carbon, and apply the electric current. A magnifi- 
cent Bpcctrum meets the eye, in which can be recognized at once 
not only the red line and three bright-blue bands of the zinc, 
but alfio the three green bands of the copper. The rays from 
the volatilized constituents of an alloy do not therefore interfere 
with each other ; each vapor, even when in combination with 
other vapors, emits its own system of colored rays, which in pass- 
mg through a prism separate from one another in consequence 
ot then- unequal refrangibihty, and appear as a system of dis- 
united columnar bands, forming an interrupted or discontinuous 
spectrum. ^ 

To avoid the tedious and troublesome operation of changing 
the lower carbonK^ylinder, Ruhmkorff, of Paris, has fitted to tht 
lamp the contrivance shown in Fig. 40, which will be easily 
undcrBtood by comparing it with Duboscq's regulator (Fig 17). 
The clock-work is dispensed with, as, dm-ing the few mWeni 
necessaiy lor the volatilization of a smaU piece of metal, the arc 

f.if Klr^"" *^^ ^PP^^ ^^^^^ ^ ^^^ the lower carbon u is 
very shghtly removed from the focal point of the lens, and bj 
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be volatilized in the arc of flame, and tbc spectrum of xts g 



otis 



lins8^ or a gas-spee^r^im 

The spectra 
rubidium are rcpresen 



vapors or gases is tbc want of ^^^^^^^l^Va '^^^^ 
colors. Bueli a spectrum is composed of Jfl^^^^^em, at^d J^ 
irregularly arranged, with dark spaces betwj^^^ ^^ j^A^ 
tlierefore called a disconimmmis spectrum, a tp^^ ^ 

of tlie Yapors of Bodium, lithiiun, , ^jroxitis- 

„„ _ jpresented in Nos, 2, 3, 4, aud 5 ot ^^ ^ are 

pkce, Millie those of oxygen, hydrogen, and »^;^^^ the g^^^ 
shown in Kos- 6, 7, and 8, They exhibit at a g^^^^^ (^o. 10 
difference which exiets hetween the continouB Bpe ^^^^titiJ^'^^V,^ 
of incandescent Bolid and liquid bodies and the ^^^ otdV*^^ 
spectra of gases. The vapor of sodium (No. 2) "^^^-^^ ^\gh ^®^' 
circumstances, and when not exposed to an ^^*^^^°^Y)rig^^ ^^^^ffi- 
perature, gives a spectrum consisting only of one ^^^^e of ^^^^' 
hue, which, however, will be seen to be double by ^ mhi^J^'^^?^^ 
cient dispersive power. The spectrum of lumino-t^^ ^e a"^^^^*^- 
(No. 3) consista only of two colored lines or band^^ cotiip^®^ ^^ 

red and the other a faint-yellow line. Much i^o-^^^^yatute the 
the spectrum of caesium ; at a sufficiently high t^^ -i^^sting^^^" 
luminous vapor exhibits from ten to thirteen cl^^'*^ temp®^*^^^^' 
able lines, three of which are visible even at a 1^^-u e reinaii^i^S 
Of these three lines two are blue and one yoUoW ^ -■ "bands until 
yellow and green lines do not: appear as iudivi^'^^^-i^^ng vapor 
the temperature is sufficiently high to canse tt*-^ ^ ^\% beat is 
to emit light of the requisite intensity, as bef^-'^^Ai^i^t show of 
attained they run one into the other so as to ffi"^^ ^ 
color in the manner of a continuous spectrum. ionsl] 

It is desirable to supplement the obsei-v^ations ^^^ -jrperii 
with the spectrum of brass by the two foUowit^^.^^er, » 
Lqt a grain of sodium be laid upon tlio lower C^^^^ t>et carbon- 
electric current allowed to pass throiig:l> it to tti-^ '^Y'^^^^' ^^^ 
pole. The sodium is quickly volatilized, in the *^^ \ aPP^^^ ^^ 
the spectrum already dcBcribed (frontispiece K^^' ^^-Jrentnow 
thescreen, a single stripe of bright yellow. Let tl^^frce^^^^ *^® 
he interrupted, and two fresh carbon-eylin,der8 int:^^ the c^""®^* 
lowest of which is laid a grain of common salt ^^^-Jlorii^^ and 
reestablished. Conomon salt is a com|>oTind o^ 



'^^ -iments: 
and the 



Digitized by 



Google 



SPECTRA OF VAPORS AND GASES. 



on t^lifc.. 



adiiun, and it miglit be expected from the experiment w^ j 
le spectrum of which was made up of the combined sj 
s two components, zinc and copper, that the spectnziD 
ould similarly consist of the spectrum of chlorine gas 
* the vapor of sodium : this, however, is evidently not 
r only tl\p same yellow bands appear which were giv^n 
etallic sodium, occupying precisely their former position 
reen ; while of chlorine, which when isolated gives a ^v^ 
teristic spectrum, there is nothing whatever to be seera. • 
The same thing occurs with other metals that conal>:i 
lorine, as may be seen if a mixture of the chlorides of li-tlaiij. 
rium, magnesium, and thallium, bo placed on the uppex* jsxmxrf^, 
a somewhat wider cylinder of carbon. As the currenfc J^ste,^ 
m pole to pole, these substances are volatilized in tlx^ scytk^ < 
ne, and on contracting the slit a little a number of <3llos^ 
anged colored bands are seen, some of which — ^as, for ixx ^^fc^xx 
red of the lithium and the bright green of the thalii^irrx- 
id out with especial distinctness. If a second prism (^F^zE 
interposed, so as to lengthen the spectrum to about si i^s: :£&^-^ 
individual stripes appear less bright, but more sharply <a i^vrici^^ 
from another; by widening the slit, the stripes iacz^T-^^^^j^^ 
e in brilliancy. Those who are familiar with the ^x:r:K:i.T>-i 
tra of lithium, barium, magnesium, and thallium, Mri Jx "^ ^ 
it difficult to recognize each separate substance in th 
id spectrum, produced by the mixture of these subst,*^;^^^^^ ^-^ 
again, however, the spectrum of chlorine is not pres^i^r^^-fc ^ 

it is not visible. 

f the various compounds of such metals as sodium, eapXc^:j 
-for example, chloride of calcium, iodide of calcium, rxi 
ne, "etc. — ^be in the same way subjected to spectrum an^X 
jpectrum of the metal is alone obtained, and never tlx .^i^-^ 
ther constituents ; the spectra of the vapors of metals ^^^^^ 
selves with such marked prominence that the specti 
ion-metallic substance with which they are in combin^^ ^ 
■ does not appear at all, or else is so overpowered l>3;^ txC^^ 
and brilliant lines of the spectrum of the metal as not ti^::^ V^^ 
ved.* 

e Appendix A, " On the Cause of Interrupted Spectra of Gases," by G. J-^^^^^ 
oney, M. A., F. R. S. ^ *^-- 
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24- Spectettm Apfakatub. 

The thought is perliaps rising in tho ^^^'''^^ ^J T'^^^cirx^^ ^^ 
accompanied us thus far, that the production of the sp ^^ ^^cutn- 
a suh&tance for the purposes of analytical t'^amination .^^^ .^. 
bered with great difficulties and many troublesome ^ ^^^^^^^t 
Yolving too much labor to be available for the use ot t ^^ ^ode 
and the physicist. This is, however, not the ease ; ii ^^ ^^^ latiip 
of illustration a powerful galvanic battery and the ^^^^^^yed, ^^ 
vrith its revolving table and large screen have been ^^^^^glxt of 
has been only to show how, by the extraordinary heat a ^^^^^a^y^^ 
the voltaic are, the simple phenomena on Avhich spect ^^^ onco 
is baaed can be made visible to many hundred spect-a^ ^^^Yvea-^®^ 
in a large lecture-i'ooni, AVlien, however, tlie light t^o Q\>seTver, 
vapors need not be greater tlian is required for a ^^^^x.-u atid- ^^ 
the whole electric apparatus may be di^^pensed ji ' \tx tn-^^y 

simple Bunsun burner (Fig. 2) substituted ; i^^^^-Je gas-sp®^' 
cases, a powerful spirit-fliimc is sufiieient to exhit^^^ ^^^ be ^^' 
trum of a substance. The slit and the prism rt^^^ ^ ^f pap©^ 
duced to small dimensions ; in place of tlie large ^^^^-^erves^ — ^^^ 
that reflected the light, the t^mall sensitive screen- ^^^-^^^ the Bpec- 
retina of tlie human eye — becomes the surface oU- ^*^^^ occupying 
trum is received ; and the whole cumbrous contriv^^^^^^ as trust- 
so much space is replaced by a small spectrum app^^^ 
worthy as it is easy to manipulate. .^^ ^f the 

Every spectrum apparatus or Bpeetroscope, ^^^^^contrivance 
source of light, is composed of an adjustable sli^^ ^ T^ave passed 
colhmating leus) lor rendering the rays parallel t^^Jument rtiaj 
through the Bht, and a prisnu In order that the i^^^Vander ex- 
bc used at any hour of the day, all light except ^^'t^refore the 
ammation must be excluded from the prft^L^ *^ tism be 
sht, lenses, and prism, are eiidosed Ur a'^T'c^ V ^I^Ser, as 

me t^pectrum on emcrguig from the prison is \>^^ Wh as 

than the width of the slit, and only b^iTJlf a^^^ S in- 

the distance from the prism in.rZ.7:'^^^ 

troduced, m order that the eye, thou4>h J^^. Bt^^^ .t lar^^e 

from the pHsm, niay .ee the ^V-^^^.r.1^^^^ 

size, and the spectrum therefore ^ ^ '"^ "" ^ 
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iked eye, but through the medium of a telescope of 



iwer." 



It has been already mentioned that the colored 
sing the spectrum form an angle with the incident rayj 
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Thie Simple SpectroBOope. 

3r the. prism. It is therefore necessary, in observdE: 
ttrum, that the tube of the telescope directed to th.^ 
ace of the prism should be placed in a different dire<3t;i 
tube carrying the slit and the lens. A spectroscope ain-; 
lis way is shown in Fig. 41. The light emitted from Hm. 
ing tbrough the slit s and the collimating lens I, reaob. < 
a J? in parallel rays ; it is there diverted as well as d < 
i, whereby the spectrum S is seen through the telescczi 
direction very different from that of the tube s I. Th. i 

Fig. 43. 



til.. 







Indivtaibfhty of the Pare Colon of the Bpeotnim. 

lent baB the inconvenience that in conducting a resea- 
)ectrum analysis the eye cannot be directed straight at -fci:^^ 
nd therefore the spectrum can only be found after so: 
for it by moving the instrument backward and forwa.: 



\ telescope is necessary not only for magnifymg the spectrum, but also :f-. 
the eye to receive the whole of the Ught pasung from the coUimating i^, 
le prisms. Without a telescope the eye receive so much only of the K«.-^ 
rays as is contained in the area of the pupil of 'the eye,] 
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A spectroscope would therefore be obviously more convenient if 
the slit, lens, prism, and telescope, were all in a straight line, so 
that it would only be necessary, in observing with it, to direct 
the instrument like a telescope to the light to be examined, in 
order to observe the spectrum. 

On reconsidering the action of a prism «, Fig. 42, it will be 
easy to understand that the various colored rays receive a differ- 
ent amount of deviation according to the position of the prism as 
regards the incident ray ; it can be readily shown by calculation 
that of all the emergent rays that one sirffers the least deviation 
which, as in E R, Fig. 28, makes the same angle with the prism 
as the incident ray S I makes with the surface upon which it falls. 
When a prism is so placed that the colored ray in the spectrum 
suffering least deviation is the one which possesses the mean 
wave-length — ^about 0.000549 of a millimetre {vide p. 59) — which 
is situated between the yellow and the green, the prism is then 
said to be in the position of rai/nimAjmh demotion ; strictly speak- 
ing, however, the prism has a special position of minimum de- 
viation for each colored ray. The angle formed by this central 
emergent ray with the incident ray is the measure of the refrac- 



FiG. 48. 




Neutralization of Refraction and Dispersion. 



Bpectoom ,B the measure of its d^^ccyrn^poavag or di^perl^e power 
^1 Z ^"'°''' ^ *"*^ ^ '^'^- *3)' °f "°»«ar exposition and 

Zf,lfp '^^^°«^"'^^P^"^^ ^'^ ^«^«"«d positions, the ind- 
dent ray E, of white %ht, will be refracted by the first prim 
and decomposed into L colored rays ; the secLd prTsmT hot 
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•, which refracts in an opposite direction, destroys -fcX:ii-^3 fixis^ii. 

rgence, and reunites the incident colored rays into ■^■^ siix^CL^^ 
rgent ray F. K the ray F be received upon a scre^^iM:^^ ^ tli^^r*^^ 
appear a white image, tinged at the upper edge ^%?v^i^li x-^<i^ 
at the lower with violet light, because at the extrenKiM.^^ ed^^^^js^ 
le image the colors are not superposed. In this <3^se ±.1z:m^<:^ 
id prism B has neutralized both the refraction ^m^^MOM^^ "tlzM.^^ 
Tsion of the first prism, and the action of this sj^ist^in. 
18 is very nearly the same as that of a thick piece <:>dE' gls^s 
parallel sides, 
ow, if the dispersive power of a prism varied in tti.^ sa,i 

Fio.44. 




Amlcrs Direct-yiaion System of Prisms. 

•tion as its power of refraction, then, whatever the lr£:KZM.ci of* 
mployed for the prisms placed as in Fig. 43, and wh^ t^-v-^:i:* 
be their refracting angles, when they were so plac^.^c^ ^^ 
tralize refraction, their power of dispersion or capa,"t>ilit-vi^ 
ling a spectrum would be likewise destroyed. In <i^-fcl:fc_^^ 
the formation of a spectrum would always be conn.^^^^^^^ 
e deviation of light from its straight course, and it vv-<:>.-j^^ j^^ 



possible by means of a system of prisms to receive 

m of a luminous object — for example, a flame or a s 

iewed in a straight line. 

•eality, however, this is not the case. The dispi 

f various kinds of prisms is not in equal proportioxi^ 

ictive power ; a flint-glass prism, for instance, gives 

/ amount of refraction of the central rays a spectrurxx 

reater length than can be obtained from one of cx-c:^ 

'.t IS therefore possible so to combine and place in 

ositions, as in Fig. 43, two prisms of different refractx 

ne of flint, and the other of crown glass, that the reft^^^ 

le incident rays shall be entirely counteracted, while tl:^^ 

lispersive power of the flint glass shall only be partialx^^^^ 

1 by the csrown glass, and consequently a spectrvx:,-^^^ 
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formed by the remaining rays. If a bright object be looked at 
through such a system of prisms, in a rectilinear direction, its 
spectrum will be seen in the line of sight; the colors will, of 
course, not be so widely dispersed as would be the case were 
the object looked at in an oblique direction through the flint- 
glass prism alone. 

Compound prisms of this kind, or more especially systems of 
prisms which show a spectrum when held in a straight line be- 
tween the source of light and the observer's eye, are called dvre(A- 
^vision prisms. 

Such an arrangement of the spectroscope was approximately 
accomplished by Amici, in 1860, by a judicious combination of 
two crown-glass prisms, with a third prism of flint glass of 90° 
interposed. By this construction the rays of mean refrangibility 
sufier no divergence, so that a luminous object may be viewed 
in a rectilinear direction, and a spectrum be obtained, since the 
dispersion produced by the flint-glass prism in one direction is 
greater than that produced by the two crown-glass prisms in the 
opposite direction. 

Fig. 45 exhibits another form of direct-vision prism, con- 
trived by Prof. A. Herschel for the observation of meteors. 
The ray of light E undergoes two total reflections from the 
inner surfaces of the prism before it emerges from it in the 




Herechers Direct-vision Priam. 



form of the spectrum F, in a direction parallel to E. The con- 
stmctiOB, however, of such a prism is surroimded with difficid- 

L\7:;^ri;*::rr'^^'^°^* to attam sufficient accuracy 
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Erowning, the optician, has overcome these diffi^ 
nbining two such prisms. In the Herschel-Brownir: 
prisms (Fig. 46), the ray F, which Emerges from. 
5m A in a direction parallel to the incident ray E, 
k again by the second prism B to the direction of tli^ 
, so that the central emergent colored rays G form, 
longation of the incident ray E. 
Tanssen, of Paris, adopting Amici's construction, 
id, with the help of the excellent optician Hofmann^ 
»n spectroscope, whicli, from the facility with whicli 
, its moderate price, and the great purity and leng^jfca. o£^ 

Fio.46. 




i* 





Herschel-BrowDing'B System of Prisnui. 

ira it produces, has become an instrument indispensa^Tz^X 

mist, the physicist, and the astronomer. 

ssen's direct-vision spectroscope. Fig. 47, has the ap>^^:^ 

an ordinal^ telescope, and can either be held in the Ifcm.; 

X use, or placed, when steadiness is required, upon a j 

ig stand. The several parts are sketched in the dra, 

he instrument, in the same positions that they ooc^ 

the tube. In front, at the end which is directed to-v«« 

rce of light, is the slit S, formed of two steel ed^_ 

in be easilj widened or contracted by means of the so 

a opposing spring. At L the coUimating lens I is ins. 

bicb tbe rays diverging from the slit S are rendered j 

I thrown npon the five prisms j?. Of these, whicH , 

detail in Fig. 48, the first, third, and fifth, are of cro _ 

ile the second and fourth are of fiint glass, and they fox 

luthcrfurd employs the unalterable substance obsidian for the edges or 
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BO perfect a eyetem from the accurate adjnstmcnt of the ^^S^^ 
of tho prisms, that the emergent central colored rayi F have p 



FiQ. 4L 
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cisely the same direction as the incid^^^- ^^ ^^^ tliercfore 

pass io a straight line thn>ugrtl^S 'tub o/ ^^ "''ft 

compound prisms occupy the s^ace Lt^^?,;^ ? ^^ O- The lense^ 



Fid. 4a 




J^«n'«I>lr«ci.v1aioQj,y^^^ 
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Qg-tube 0, the eye-piece of the telescope through w^Iimjlc^Ii. t;l3.4 

:ruin is observed. 

drowning has manufactured another direct-vision. i^2^>^ctx-<:> 
3, with Seven prisms, which commends itself by the e^c: <:^^lleixc5^< 
J performance, the facility of its use, the smsdlness o:^ its <ii- 



Fia. 40. 




Browniner^s Miniature SpectitMoope. 



^ns, the purity of color, and its low price. A sketoJbB. of in 

ni in Fig. 49 ; the slit is simply regulated by turning- 

at the end of the tube, and the spectrum is observed <:3Li. 

it a telescope. The length of this admirable little 

is only about 3^ inches, and is, therefore, very deser* 

the miniature or pocket spectroscope. 




>DE OF MEASUBING THE DiSTANOES BETWEEN" THE Lll«~ 
THE SpEOTEUM. 

have already seen that the spectra of luminous ^^ 

of one or more colored bands, and that it is not di:Q3^ ^^-^^^^j^^ 
e distribution of these lines in the spectrum to ^eco^g-zHi^^i^^ 
stance by which such a spectrum is produced. Exp^^i^zi:^^^-*^^ 

that the single lines forming the spectrum of any S^"^^^:,-^ 
3e never faU in the same places as those of anotheir JS-ti^^i-^_ 
;he spectrum of which may be shown at the same tix:^::^:^^ _ 
ng to the immense number of these lines (m iroxx^ :tV>:^ 
, according to Angstrom and Thal^n from 460Jo ^^Z^o^ 



>roach each other so closely, especiaUy when the spec 
uch spread out, that it is necessary to have a contri^r^^ 
.>trum apparatus for determining the relative places or -e:^ 
les, and for measnrmg with precision the amount of s^^^ 
me from the other. . • -. 

number and relative position of these hues is, md^ 
he same in a given apparatus for any one substance 
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M ,^' 




long as tte temperatiire remains the f '^^^^^ry^i;; ^y the '^ 
substance may be combined ^ith other ^<f «« ; bu^ ^y^^^, ^f 
of prisma of greater dispersive power, or of » l"g®lj ^r the 
prisms, or by increasing the refractmg angle of *»^« P^JT ^,,,^ 
size of the telescope, these positiona are altered, sotuaii^^ ^^ 
amount of separation between any two hues in t"^®^^ , ^ gpecr 
any substance varies according to the arrangement OV^^ dig, 
trum apparatus. This alteration extends even to t*!®/^. ^te» 
tances of the various lines in one and the same spectni ^^^ ^^^ 
the whole spectrum of a substance is by any means ®^®^^ ^^- 
or three times its original lengtli, the single lines do »© ^cco*"* 
rate one from the other in the same proportion. On tws 




rrinES^^' 



Oifldoatfld 9i3iile In Bpectroaoope. 

tlio same substancB does not yield, in diflFerent ^t^.^ete^ce is 
spectra identical throughout ; tlie eatimation of this ^ to li^ve 
therefore one out of many reasoua why it is reqti-^^^^iiiies one 
BOme means of measurin"; the distance of tlie indivici* . g. 
from the other, and of determining their relative pO^^*^^?^ldnd is 
The simplest and most usual arrangement of *^^^ enclos- 
iUustrated in Fig. 50. C is again, as in Fig 41 th^ ^^^ and F 
ing the slit ^, and the collimating lens I -%, i^'^^^ t^^^^^itb the 
the telescope. To this is added a third tnbe S whiaJ> ^t^A^onUA 
others tasteited to a stand, and lies witli thlm o^ ^ ^cA miHi- 
plane. At the extreme end of this tube is fixed a r^^^^'Slithe 
metre scale m, photographed on glass of about one-^*^i!! ei^eof 
ongmal dimensions, i^hich is provided, accor^gT^ *^ 
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itus, with a larger or smaller number of fine dJ 
S is inclined in such a manner toward the si^. 
71, on which the telescope is directed, that its ^m. 
e telescope form the same angle with the sur&c^^ 
nsequently the scale m is, in obedience to the 1 
cted by the outer polished surface of the pris: 
of the axis of the telescope, and its magnified 
le telescope F at the same time as the spectnx 



SV^ 




The scale m is bordered on both sides witli. "fciixfj^il^ 
inated from without by a candle, K, or a six^^^lLI ^s^^ — 
that its image is seen with complete distinctei-^jss -tln.^^ 
^h of the spectrum ; and, as its black divisions s^Jf^ jpa,:r- — 
J colored bands, the amount of separation betwe^:n. a-rx^j^^ 
ise bands may easily be read off in parts of the ^g"jr^<3.-tj. — 

direct-vision spectroscope, Fig. 47, a small glass i5<3^!I.^^ 
he eye-piece of the telescope is seen projected upo:M=a. "tlix^ 
and by means of this scale the position of the lin ^^js o:£^ 
im may be measured. 

rivance preferable to any fixed scale is fhat by w^lfc_i c^lx ^^ 
d mark of some kind — ^as, for instance, a fine wi :k:*^^ ox-* 
, or two points facing each other, or a line of iS.^^^J^k.tz^ 
ade to move along the spectrum in the inside of" "fclx^ 
the amount of motion accurately measured exter»:ii.,^^U-y. 

of a micrometrical arrangement. This microncm. ^^-^^^^^^^ 
•incipally, of a sliding-plate a. Fig. 51, provided vi-t^i^^ ^ 

metal wire, an underplate, h J, on which the first F>l.^-fc^^ 




AOcrometer tor meuurlng the DlstanoeB l>etvreen the lines. 

1 an exceedingly fine screw (2, the head c of whieK ^ 
ifter the manner of a divided drcle. This scre-v^^^ 
leld firmly at y, works mto the screw-plate d attaeli^ci 
e a, in which the mark is fixed, which it moves to tlx^ 
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nglit or left upon the lower plate. In order to measure accur 
rately the amount of motion, the value of a Bcrew-thread m^ 
be ascertained, and the screw-head c be bo divided as to mark o 
parts of an entire revolution. K, for instance, one revolution o 
the screw js half a millimetre in value, and the circumference o 
the screw-head c be divided into fifty equal parts, the diBp^*^ 
ment of the mark by a complete revolution of the screw amoun 
to half a. millimetre, consequently a displacetnent amounting ^ 
one division of the screw-head is equivalent to only it ^^ ^ ^i^ 
millimetre, or to ^^ of a millimetre. The screw-head c worK^ 
close to the sharp edge n, by which parts of a revolution ^^ 
be read off, while the number of complete revolutions are ^^^^ 
tered by means of the indicator on the slide a being ^J^^ ^ 
over the divisions marked on the underplate b h. The ^^?*^^e 
ter is so connected with the eye-piece of the telescope ^^ 



\b'^ 



t\xe 



Bpeetrum-apparatuB that the slide a, with its indicator, - 
inside of the tube, while the screw-head c and the divi^^^^^ ^be 
bei-ing the complete revolutions are visible on the out^sid^. - 




°: . -""'" "»0'>""»P"ssiDie, by moving " .' accu- 

tor from one liue of the spectrum to another, to deten»«^® "Ted 
rately the distance between any two lines by the divisi<^»^ ^ 



on the screw-head 



Another mode of determining the relati™ T^^i^io^^ °^ ** 
l-es of a spectrum consists of a^telescope p^L^ -^i** ^"^'e 
wires, or a. lino of li„ht wi,;„i, „o„ v^ pe provide** f^^^^ one 



wires or a lino of light which can be moved'on an'^i^ ^?^aZ 
bnc to another, and the angle measured wMcriTaescribedty 

this motion. In this case the distance b*^l!^ ?we ^^^^ "". 
noted by the anc»1p ■ it ^^^ k "*"^® oetween tli» * - j^ven 

^jf Liie angle, it will be seen at a-nn.^ ♦v.* 4Vyi' ^^^ ° xi, 
mstrument it is easy to calculate the re^^a^ *^* ^et^een the 
hues from the angles measured * distanc© ^ 

• [Two new fo^is of Bpeatroscopes, in which th« ^ . , -^es c»° ** "^ 

.% reg.M.rrf, we™ constructed fo/obUrvati^*ff/«*«o»3 of the l^f, pccember, 
"'O- ' '*»« Bolar ecBp»* 

„J'"'^T'"'''°^ •contrived a fom of iDBtrument in -v- -^os o^ *^^'^ 

«rvmg toh^ot«. When dir<,cted to different parts of *^°^ *»>« posif^^reoori'l ^y 
m«ks upon a pUto of Bi1v.r«d copper. "^ ***^ **»« spectrum, ^'^ 



,ariP*'«'° 



of the 



Mr IT^^» ---»- 1 «iA cupper. 

Mr. Unggina com nucleated to the Royal Soei^f^ *i. 
instrument taken by Uiu. to Oran : ^ ^"'"^'^ ^^^ «-oHowing d^^' 

The ahort durutlon of the totality of the «,.lo IftSt ^«* "'^ 

to ^k .o..e ..othoa by wWch the fx^m^lr^ T^^^ of Decer^t>f^J^.<^ ^^ *^^ 

™e« Observed in the ^P^^ 
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26. The Compound Spboteosoope. 



3 reader is now in a position to understand the us^ 
\ parts of a complete spectrum-apparatus, Fig. &^^. 



YXX^<^4 



ight be instaDtlj registered without removing the eye from the UES.^'fc.xnixnezx-i 

roid the loss of time and fatigue to the eye of reading a micromet^5>'K*--'Ki.e&<l^ c^ 

ction of the attention and other inconveniences of an illuminated ^<:^«k1o. 

r consultation with the optician Mr. Grubb, it seemed that this ol:^^ ^<3^ ooi:iX<« 

ctorily accomplished by filing in the eye-piece of the spectroscopy^ s^ l>oizx t^^zs. 

lid be moved along the spectrum by a quick-motion screw, tog^c^Xs.^r 

ngement by which the position of this pointer, when brought iazB.-t^^^ coia^^^^ 

ti a line, could be instantly registered. 

8 furnished by Mr. Grubb with an instrument fulfilling these condJi^'C^S.oK&g g^,^^ 

Gi similar instrument witli some modifications by Mr. Ladd, in tmzziM^ ±<>r ^1=^ 

n of the eclipse. 

ptunately, at my station at Gran, heavy clouds at the time of to-f^^feJl-f^y •»3»--^a» 

use of these instruments on the corona; but they were found so <?c:>'»-^-y^.^Q^^ 
>id registration of spectra, that it appears probable that similar in^'^:xr«:Kxx2^Y:^<»-^ 
'f service for other spectnmi observations. 

ese instruments the small telescope of the spectroscope is fixed, ^i.s:a^c^ a.^ ~ -m- 
jointer which can be brought rapidly upon any part of the 8pect:g^'» - ^ -y^^ ^-^ 

outside the telescope. The spectrum and pointer are viewed bjr ^^ ^ 

rhich slides in front of the telescope, so that the part of the spec^i 
I can always be brought to the middle of the field of view. Tbe 
lointer is connected by a lever with a second arm, to the end of -» 

7^0 needles, so that these move over about two inches when the B-^^z^ixi-fc^a. ~ 
iverse the spectrum from the red to the violet Under the «xt«r-.^i5^;^-^=^ *" 

ied with the needles is a frame containing a card, firmly held in S.-^ *:>-«^ ^^^ 

pierce the card. This frame containing the card can be moved fc^ ^r^^^-^^ *?"^*^' 
in succession five different portions of the card under the poin-^^^ ^>*' ^ 

1 each of these portions of the card a spectrum can be registered, 
ode of using the instrument is obvious. By means of the sere- 
the telescope, the pointer can be brought into coincidence with «^ ^•^ 
J other hand is then pressed upon one of the needles at the end o^ 
rses the card, and the position of the line is instantly recorded by « 
} card. A bright line is distinguished from a dark Ime by P>^aiQt5__^ 
•th needles, by which a second prick is made immediately below *1^^ ^^ "^1:^. 
the position of the line is registered by the same needle, the secoxx^:^ -^^ '^^•^^^^ 
.o denote that the line recorded is a bright one. ^^^<li. 

found that from ten to twelve Fraunhofer Imes could be registered 5^^^ 
ids, and that, when the same lines were recorded five times in s^x^^ ^1::^ 

card, no sensible difference of position could be detected bet^w-, _ 
;ering the same line in the several spectra. """^ "^^^ 

mous that, by registering the spectra of different substances oti ti:^^ , 
hod is obtained of comparing the reUtive position of the lines ^^^ 

>ectro8Cope waa furmshed with a compound prism made by Mi-^ ^ 
I dispereion equiJ to about two prisms of dense glass, with a r^^y 



^^^ 
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*J- 





dHlly the three tubes directed t. the pnsm -* ^'^^^ -\-/^f .^^ 
in that constructed by Kircbhoft and Bunsen ^^^^ ^^ °\i^^,t 
observer is placed in the axis of *!»« ^f '°^ .1 in the form of 
surface of the prism from which the light emerges in tbe ^rra °J^ 
1 f^ectr^m Abe opposite surface of the prism ^-eives tk..ugh 
the slit and collimating lens the Ught emitted from the object to 



Fia B^i. 




be examined ; at the buIb of the observer is the tube canyfng tlie 
illutniunted scale, or the niicrometer-screw^ bo tliat tho mark co- 
inciding %vith any division of the Bcale may be placed on any 
line of the spcctrnm."*^ 

In most spectrum investigations the dispersion obtained by a 
flint-glass prism of 45° or 60"^ is sufficient to show the cliief cliar- 
acteristiea of tlie spectrum ; shouUl t^iis not be the case, however, 

* The (Ic&eriptiOTi of the mkroftpoctroafope, teliaapeetroflCOpCT a^*l mett'or^speutro- 
Boope, will be g^ven fartlier od 
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t be increased by the use of several prisms, 
pVamed. ixi reference to Fig. 36. 
oyed in liis investigations on the solar sp€ 
apparatus constructed by Steinheil, of MuniolzM. 
>f only one prism of flint glass, four such prisriMzm.* 
nd a telescope possessing a magnifying pow^ ^^:i 
lie four prisms (Fig. 53), three of which ha<i ^ 



Fio.fiS. 




KlrehhoTB Spectroeoope by Steinheil. 

e of 45°, and the fourth of 60°, was cemented _ ^ 
a tripod, and cotdd thus be easUy placed m tl». _^ 
on a horizontal iron table. The tube A carrx^,^ 
reeled toward the sun, the slit, and the pnsm fcr*.^ 
'hich will be described hereafter (Fig. 57) ; the t^X^^^ 
Jh received the widely-diverging rays of the bo1^_^ 
a the last prism, could be moved by means ot a xjrx-j _ 
m H, on a divided circle, so as to determme the di^_ 
n any of the dark lines in angular measure. 
3unt of elongation of the spectrum has been, Ho^i^^ 
stid: Thal6n employed six flint-glass pnsras, ea^Xx 
ogle of 60° ; Gassiot went as tar as eight, Merz ev^v*^ 
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:1[ 



to eleven prisms of glass, whUe Cook^ . of ^ '"*°^f 



UBedbyGassiot at the Kew Obsa^ f"''*^^ ^^ ^^° ^estigation 
anddclipoationof the so].r Ctn^^*^'y *or tla^ ^^atriesthe 
cohmatmglens,thes]U,andthcprU^-^ The tub^, ^T^; the nine 
Pnems rest, as in Kirchhoff's £rT ^''^ compari^f.^'^Utes pn^ 
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3velling screws upon an iron table ; B is a telescax 
•nifying power ; C, a tube fitted with a scale (cancM. — 
). The slender ray of light entering the first prisKscik^ 
and collimator-tube A passes through the range c^:^ 
as shown in Fig. 66, and finally emerges from t;liM.^3 
id enters the telescope B in the form of a widel^^^ — 
^ or an elongated spectrum. The power of a sp^c^ — 
;u8, however, does not depend alone upon the n-z^^^^^'^^— 
•isms, iMit also quite as much upon the dispersL^^i^^ 
h prism. In the workshops of the celebrated oj>-fci— 
' Munich, prisms have been manufactured lately o:^ 
3ad glass, having a specific gravity of 4.76 ; one o:^ 
with a refracting angle of 60® is quite as efficient ^^i& 
ois together employed in Borchhoff 's instrumexi"fc^ 



nia.6Bi> 




FaXtk of fhe Bay Ouongb the Nine PriBms. 

'. Beowning's Automatic Spbotbosoopb. 
)pes consisting of several prisms are usually adjust;. 
le minimum of deviation for the brightest rajr& 
fcance, situated between the yellow and the greexi. 

glass has the disadvantage of not being colorless. In lead g; _^ 
light due to this cause is aUnost wholly confined to the part of ^^^^ 
frangible than F.] 
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g^ SPECTRUM ANALYt^lS. 

for each prism which is tlicn permanently seexx^^^^ ^^jj^ aS"^"^"^*' 
ing plate. There are, ho%vcver, two ^^^J^^^io^^^^ich the ' ^^^^ 
ment. In the first place, only those rays for" ^ ^^^able ?^^^s 
are speci^iOj adjusted are sccu under the most ^ ^^^ in ^^^' 
stances, because they only pasB through each F^^ , t^ ^ ^^^ 
parallel to the base. In the second place, eiiico ^^ Pnsm is 
immovahlej while the telescope travels in an are ^ ^^^ tl^^^ ^^ 
the spectrum to the other, the object-glass ^^.x-^^ ^^®scope 
receives the full light only when it is directed to tn^ ^^^7^* part 
of the spcetrum ; and, on the contrary, only a^ "^^ed^tn ^S^t 
falls on the object-glass when the telescope is di^^^ ^ ^^^e end 
of tlie spectrum, either the red or the violet. 

Now, it is easy to see that in observing tn^ ends of the 
spectrum it is most important that the obj eet-gl^^^. ouicl receive 
the whole of the light, since it ia just these terra^^f^/^lors that 
have least brill iancy< This can only be acconip^®^®^ by tbe 
prisms being made adjustable for the minimntxx ^^ deviation for 
those rays which are imder examination, 

Bunseu and Kirclihoffj therefore, in their investigations of the 
solar spectrum, attached tlie prisms of their corapound spectre 
scope (Fig, 53) to tlie gronud^plato by means of movable supJ 
ports, and altered the position of the prisms for every coloi. (^~ 
the spectrum ; it is needless to remark that such an arrangement 
involved much trouble and inconvenience- 

This inconvenience is removed in Browning's autonxati 
spectroscope, l>y so connecting tlio prisms with each other ani5 
the telescope, that, on placing the instrument on any particuC 
color the prisms, witliont any interference from the observ^T 
mil be^ simultaneously and antomatieally adjusted for the min^'* 
mum of deviation for that color. «imi-.» 

Fig. 56 shows the arrangement of the various parts of th 

u 
—'—;^-^^-^^'^ "^^^^*' tiy nmp^es at 

lar metal holders forming the' ba^f- \ .. i ^ — ^S^- 

-itha.lit,is attached to tho mS^. '^f ?v I K*"' ^"^^^^^d 
which each pri™ can move ro^md a co^f/^'' ^'''' ^^ ""^^ of 
whole set. The prisms are avia„„od TT'^T '^'^''1^ «^« 
which again is fastened to a swalW 1»M ^^^^ ^^^f^ this pi 

about two inches in length sitilJlr i^*^ "''*^*^^® ^> « « 

^"' ^'tuatod under the plate Pp. ^' 



il^^ 
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BROWNING'S AUTOMATIC SPECTROSCOPE. 4 

le central pin be moved, the whole system of pris:x: 
it, and the amount of motion commmiicated to e^^^ 
5 in proportion to its distance from the first pri^:] 

Firj. R6. 




Browni]ig''B Antonuttic Spectroscope. 



onary ; if, for instance, prism 2 moves 1°, the tli J^^^^^ 

red 2% the fourth 3°, the fifth 4°, and the sixtlx ^^ 
he telescope B is fastened to a lever H, whio;i^ 



:^:a 



a hinge with the last prism. No. 6. At the crfc>^ 
ver, or on the earner of the telescope B, works t;>^ ^*^ 
rew M, by turning which the tube B can >^ ^ 



L any part of the spectrum issuing from pristci. 
JO adjusted that, to whatever angle the telescDj>^ 
imount of movement for the last prism shall 
. The rays emerging from the middle of this 1 
oendicularly upon the centre of the object-glass 
the rays issuing from the collimator A, and fallj^^ 
t stationary prism 1, pass through the indivi<J^^^ 
le parallel to their base, and arrive finally on tU^j 
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emergence from the last prisnij 6, in the dire cation of the opti^j^^ 
aKiB of the telescope, whetlier it be dircetcd xap^^ *"® ^iltral o 
the termiQal colors of tho spectrum; the oIjJ^^*'?^^®^ is coug ^ 
quently always filled with light. As the tul:>^ ^ *® *^med to^ 
ard any color of the spectrum, the lever H sets »* ^^^ ^rtx^ ^:^ ' 
all the prisms in motion, in stieh a manner th»<^ each adjust^ 
itself to the minimum angle of deviation, 

Tlie automatic spectroscope shows a great advance ij^ ^, 
constrnction of compound spectroscopes, and ^^^ ^Ij'eady b*> 
acknowledged as such by all authorities on tluB s-utject.* ®^^ 

28. PltlSM OF CoitPAKISON, OR REFLEcm^^ ^^^^. 

By means of a careful examination of the ST>^^^^^^"^-Iines of> ., 
known substances in which attention has not oxily been gi^^* ^ 

h.ulltl!'™*' "^^^^'''''''^P"^^ po^e^ing these lid vaD u™ ifi » greater or W ^ 

bad be^ con^tmcUKi previously h^ LUtro^, R«th*.i-^rd^^ Young, and^ ^^^^ 

to toB co»pou„d prisma Zh h.vi ° /r" °r *^" ^^t™"""** *««^»« bofaS^"*'* 

pencil actually i. «^ being i i„,h 1 « r*' '"*'' ^ '""^ -P*-^"^ *« »«S>?"« 
enJ of the apcctr,m., a. the nris™« ^™ ? *'"'''■ '^'''^ '« perfectly coDBttttfixTl*! ^^ 

'■ The prb,nB aro 2* ■ Jh^r WK^ -'t«»aticaUy worked. *** '*'» to 

tion of vho p«„ci, : th« lo^er h^^t^Tlr'' ^'"'"^ *'''' height required fo, «,„ 
upper for the backward couree ° "'^ "^ ^°^ the first coune of r^ "««- 

" Referring to the (liatTams f th* **** 

lines represent those levere, cte whiTt *^™ ***" 'e'e'^nw app'y ^ both), «•• a 

th= upper h^f of the fi™t aej^^eomp""^ ' .'"'''™ "^ ^^'A-'^ion (0) U appfc *» the 
the firat eourso of the ™,«, which utiTro',?!^ *'^' ^^^'^h" '» "^^ »«* &*'^ °'» 
"The parallel ™y« r™„ t,,^ col "^ '^^ •o'^^'" half of the prisms. *** *»th 
pound prism without reftaeti on ttr ?"*''*'' ^he lower half of tfie fir^t 
pa., through feur entire oo^^^ri'^^j^rV^'' ^'^-''^-" tr^lt^.""^''"'^'*'- 

and 
priam, 

'■THe pr^J'";7:r.\tTo\^r:aS- ^r^^^^^^^^^ 

*'" '^"'^■'«* - « air-tight bo, 

*» and 
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the brightness of the lines, bnt also to the exact measurement of 
their relative distances, accurate drawings have been made of the 
spectra of various substances, some of which are given in the 
Frontispiece and in the table, Fig. 61. K these tables be pro- 

both obserying and coUimating telescopes are stationary, oonsiderable advantages in 
SQch a powerful spectroscope, and allowing of great compactness. 




' ^^e»<*^ 



'* The several parts of the spectrum required to be examined are brought into the 
field by acting on the sector, which carries the automatic arrangement, each line being 
exactly in minimum deviation when brought to the centre of the field. 

**The sector reading by a vernier to 10 seconds of arc divides the spectrum into 
about 20,000 parts. 

*'The mechanical arrang^ent of the automatic movement is that which we made 
a model of during Hr. Huggins^s visit here last spring, and decided upon as giving the 
most constant and reliable results. 

" The motion is given to the chain of prisms entirely by a system of levers which 
will be easily understood from the diagrams. 

" The first three movable joints of chain A B C are connected by levers to the 
studs, a, i, tf, fixed in a circular disk, which is rotated through 60° by the toothed 
sector and pinion. The phis being fixed at their proper radii, draw the several prism 
tables through the required angle, the levers forming tangents in their mean position. 
The last two joints D and £ were found geometrically to describe most accurately arcs 
of circles ; they have therefore been attached to levers worlcing on fixed centres at 
baclc of spectroscope, shown in the drawing by dotted lines. 

"The whole system of the automatic movement is composed of hardened steel 
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vided with a millimetre scale, by which the distance between any 
two lines can be determined, they form a valuable standard of 
comparison in doubtful cases when examining the spectrum of an 
unknown substance. But, in an ordinary spectroscope, no great 
dependence can be placed on the measures made with the photo- 
graphic scale, for the breadth of the lines depends upon the width 
of the slit, and this may vary with each observer ; the measure- 
ment, too, and subsequent comparison of a spectrum with the 
spectra represented in the tables, requires too much time, besides 
being laborious and uncertain, while in many cases the spectrum 
to be examined is very evanescent, or perhaps appears imder 
circumstances that make comparison with the tables either im- 
practicable or quite untrustworthy in its results. 

In all such cases, it is well to employ a contrivance of Kirch- 
hoff 's, by which only one half of the slit is employed for the spec- 
trum to be examined, and the other half made use of for receiv- 
ing a second spectrum from the incandescent vapor of a well- 

piTOts, working in hardened steel bearings, a syBtem which can obviouBly be made to 
work with the greatest accuracy and constancy. 

" The delicate steel parts of slit have been electro-gilt, to preserre them from oxi- 
dation. The jaws (of gold plate) are drawn asunder by a double wedge, acted upon 
by a screw, so as to presenre the axis of coUimation. They are pulled together by a 




spring at the back. The micrometer-head of screw is divided into forty parts, each 
division being equivalent to jTshiru <^'^ '^^^ of opening. 

** The slots in the table of the spectroscope have nothing whatever to do with 
the guiding of the chain of prisms. They are mereliy to allow of the junction of the 
two systems of levers working in different planes." — MofdMy Notica of Royd Adro- 
nomieal Society^ voL xxxi., p. 86.] 
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known snbstance, which can then be compared directly with that 
under examination. For this purpose the upper half of the slit 
remains free, and can, as shown in Fig. 57, be made wider or 
narrower at will by means of the micrometer-screw. In front 



Fio. 67. 




The Prism of Comparison, or Reflecting Prism. 



of the lower half is placed a small equilateral glass prism, a J, 
which is movable, and which cuts off from this portion of the 
slit all the rays of light falling directly in front of it. 

A reference to Fig. 58, which gives a horizontal section of 
the vertical slit and prism pf comparison, will easily explain its 
action. F is the source of light whence the rays pass straight 
through the upper half of the slit above the surface of the smaU 
prism, and form a spectrum according to the usual action of an 
inverting telescope, in the lower half of the field of view. At 
one side, on a level with the prism, is placed the flame L, either 
a Bunsen burner or a spirit-lamp in which the substance is vola- 
tilized, the spectrum of which is needed for comparison with that 
formed by the light F. The rays from L falling at right angles 
on the surface df, will be totally reflected as by a mirror from 
the prism-surface d o B,t the point r, and will emerge from the 
prism in the direction r 8, pass at 8 through the lower half of the 

Fxo.68. 




The Prism of Comparison. 
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sKt, and fall in the direction 8 t on the lower half of the principal 
prism in the inside of the tube, in the same manner as the rays 
from F fell on the npper half.* In this way the spectra o and u 
of the two flames F and L are seen in juxtaposition in the same 
field of view as shown in Fig. 59, where for greater clearness it 
is represented as it would appear if both images were thrown 
upon a screen. In reality, as the spectra o and u are seen through 
a telescope direct without a screen, their positions are reversed, 
so that the spectrum o from the upper half of the slit is seen be- 
low, and the spectrum u from the lower half is seen above. If 
the same substance be volatilized in the two flames F and L, the 

Fig. 60. 




The Doable Spectrum. 

corresponding lines of one spectrum will fall in exact prolonga- 
tion of those of the other, because two pencils of rays of the same 
constitution wiQ produce precisely similar spectra with the same 
width of slit, the same prism, and the same position of the tele- 
scope. 

If, therefore, the presence of a certain substance be suspected 
in one of the flames — ^for example, in F — and from its spectrum, 
received through the upper half of the slit, there remains some 
doubt as to its nature, a small quantity of the supposed substance 
is volatilized in the second flame L, and a comparison made be- 
tween the juxtaposed spectra. If there be a complete coincidence 

* [The light passing through each half of the slit is not restricted to the corre- 
sponding part of the prism, but, since it consists of diverging rays, spreads itself over 
the coUimating leaaa and then passes through the prism as a beam of parallel rays of 
the same diameter as the lens.] 
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between the lines of the upper and lower spectra, they both be- 
long to one and the same snbstffcnce ; while, in the case of want 
of coincidence, the body to be tested does not contain the same 
substance as that with which it is compared. From the extreme 
sensitiveness of the eye to the exact coincidence of two lines in 
two spectra produced under similar circumstances and observed 
at the same time, this mode of comparison forms one of the most 
important methods of spectrum ansJysis. 

F]a.eo. 




Hofimum-B Prism of G(»npazlBOiL 

Fig. 60 shows how the small prism of comparison P can be 
easily applied to a direct-vision spectroscope (Fig. 4Y) by means 
of the sliding-ring C. It will be understood that, instead of the 
second flame, the electric spark or one of Geissler's tubes filled 
with a known gas may be employed ; the importance of this 
method, when applied to the spectrum investigations of the sun, 
the fixed stars, nebuto, and comets, can only be folly entered 
into when this part of the subject comes xmder discussion. 

For the ready comparison of various spectra, it is convenient 
to have always at hand the means of producing the spectra of 
known elements. For this purpose small wax or tallow candles 
are prepared, the wick of which is impregnated with the various 
metallie compounds of chlorine, and they are employed as a sec- 
ondary source of light in the manner above described. 

29. Designation of the Lines of the Spectrum. 

Not only the number of the spectrum-lines of a substance, 
but also the degree of their intensity, is deserving of carefdl at- 
tention. As the brilliancy of the lines increases with the tem- 
perature, so, as a rule, it is those lines which are particularly 
prominent at a high degree of heat that are the first to appear at 
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Table of Spectra aceotdipg to Klrchhoff and Bmiflen. 

a low temperature. These prominent lines, therefore, are the 
most suited for the recognition of a substance, and on this ground 
are called the cha/racteristic lines. Such lines, according to their 
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METHODS FOR EXHIBITING SPEOTRA. 103 

degree of brightness, are designated in each substance by the 
letters of the Greek alphabet, a, )9, 7, S, etc., being affixed to the 
chemical sign denoting the substance. The spectrum of potas- 
sium (Fig. 61, No. 1) has ^wo characteristic lines, one red and 
one violet ; the former, as the most intense, is therefore desig- 
nated Ka, a, the latter by Ka, )8. The brilliant red line of lithium 
(Fig. 61, No. 3, Frontispiece No. 3) is called Li, a, the fainter 
orange line Li, )3 ; the characteristic lines of the spectrum of bari- 
um (No. 6) are in the green ; those of csesium (No. 8, Frontispiece 
No. 4) Ob, a, and Os, )8, are blue ; those of rubidium (No. 7, Fron- 
tispiece No. 5) Rb, a, Eb, )9, violet, and Rb, 7, Rb, S, dark red ; the 
most intense line of hydrogen gas (Frontispiece No. 7) is red, and 
is designated by H a, the greenish-blue line nearly equal to it in 
brightness by H ^, and the much fainter violet line by H 7, etc. 
The table in Fig. 61 exhibits the spectra observed by Earch- 
hoff and Bunsen as follows : 1, Potassium ; 2, Sodium ; 8, lith- 
ium ; 4, Strontium ; 5, Calcium ; 6, Barium ; 7, Kubidium ; 8, 
Caesium ; 9, Thallium ; 10, Indium, collated for easy comparison, 
with a statement of the color of the individual lines, and a scale 
for determining their relative distances. The colors marked 
above No. 1 represent the solar spectrum, in which the black 
lines designated A, B, up to H, will be hereafter explained. 



30. Vaeiotjs Methods fob ExniBrnNG the Spectra of 
Terrestrial Substances. 

The spectra of incandescent solid and liqmd bodies are oon- 
timimcSy and resemble each other so closely, that only in a very 
few instances can they be distinguished ; spectra of this kind are, 
therefore, not suitable for the recognition of a substance, though 
they authorize the conclusion, as a rule, that the substance is 
either in a solid or liquid state. Only the discontinuous spec- 
tra, consisting of colored lines which are obtained from a gas or 
vapor, are sufficiently characteristic to enable the observer to 
pronounce with certainty, by the number, position, and relative 
brightness of these lines, the chemical constitution of the vapors 
by which the light has been emitted. It follows from this cir- 
cumstance that spectrum analysis deals preeminently with the 
investigation of gas-spectra, and that, for the examination of a 
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substance which does not exist in Nature in the form of gas or 
vapor, the first step must be to place it in this condition. 



Use of the Bunseit Burner. 

The temperature at which substances are volatilized varies 
greatly ; while the heat of an ordinary spirit-lamp is suiBBicient 
for many, such as potassium and sodium, for others, especially 
the heavy metals and their compounds, the great heat of the 
electric spark is requisite. In many cases, however, the temper- 
ature of the non-luminous flame of the Bunsen burner is suffi- 
cient to volatilize the substances intended for examination, and 
to cause them to emit a light sufficiently intense to give a brill- 
iant spectrum. 

A Bunsen burner, as shown in Fig. 2, is therefore one of the 
necessary requisites for spectrum investigation. In using the 
lamp, the air is first shut off below, and a pure, continuous spec- 
trum of the luminous flame obtained by an accurate adjustment 
of the telescope and a carefiil setting of the slit. To prevent 
flickering, the lower part of the flame is surrounded, as shown 
in Fig. 52, by a hollow cone of sheet-iron ; by the introduction 
of atmospheric air the flame is then rendered non-luminous, and 
only the upper very hot point of the flame made use of, into 
which the substances to be tested are brought from the side by 
means of a thin wire of platinum, a metal on which this tem- 
perature has no influence. When the spectrum appears, the 
focus of the telescope must be adjusted immediately, and the 
slit narrowed sufficiently to insure the bright-colored lines being 
sharply defined. In the Bunsen burner, spectra can only be ob- 
tained from the metals potassium, sodium, lithium, strontium, 
calcium, barium, caesium, rubidium, copper, manganese, thallium, 
and indium, and from these most readily when they are in com- 
bination with chlorine, in which state they are most easily vola- 
tilized.* 

* [In the case of some only of these metals can the spectrum of the metal itself be 
obtamed by heating their chlorides in the flame of the Bunsen burner. 

Some time ago Roscoe and Clifton investigated the different spectra presented by 
calcium, strontium, and barium, and they ** suggest that, at the low temperature of the 
Bunsen flame or a weak spark, the spectrum observed is produced by some compound, 
probably the oxide of the difficultly-reducible metal ; whereas at the enormously high 
temperature of the intense electric spark these compounds are split up^ and thus the 
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The method of introducing the substances to be examined 
into the flame by means of a platinum wire has this drawback, 
that the spectrum is visible only for a very short time, and in 

true spectrum of the metal is obtained. In none of the spectra of the more reducible 
alkaline metals (potassium, sodium^ lithium) can any deviation or disappearance of 
maxima of light be noticed on change of temperature." In a recent paper " On the 
Spectra of Erbia and some other Earths," Huggins, after describing the bright lines 
seen in the spectra of some earths when incandescent in the oxyhydrogen flame, re- 
marks: 

" The question presents itself as to the nature of the vapor to which the bright 
lines are due in the case of the earths, lime, magnesia, strontia, and baryta. Is it the 
oxide volatilized f or is it the vapor of the metal reduced by the heat in the presence 
of the hydrogen of the flame ? The experiments show that the luminous vapor is 
the same as that produced by the exposure of the chlorides of the metals to the heat 
of the Bunsen gas-flame. The character common to these spectra of bands of some 
width, in most cases gradually shading off at the sides, is different from that which 
distmguishes the spectra of these metals when used as electrodes in the metallic state.* 

** Afl the experiments recorded in this paper show that the same spectra are pro- 
duced by the exposure of the oxides to the oxyhydrogen flame, Roscoe and Clifton's 
suggestion that these spectra are due to the volatilization of the compound of the 
metal with oxygen is doubtless correct. 

" The similar character of the spectrum of bright lines seen when erbla is rendered 
incandescent would seem to suggest whether this earth may not be volatUe in a small 
degree, as is the case with lime, magnesia, and some other earths. The peculiarity, 
however, of the bright lines of erbia, observed by Bahr and Bunsen, that they could 
not be seen in the flame beyond the limits of the solid erbia, deserves attention. My 
own experiments to detect the lines in the Bunsen gas-flame, even when a very thin 
wire was used, so as to allow the erbia to attain nearly the heat of the flame, were 
unsuccessful. The bright line in the green appears, mdeed, to rise to a very small 
extent beyond the continuous spectrum, but I was unable to assure myself whether 
this appearance might not be an effect of irradiation. 

" It is perhaps worthy of remark that the chlorides of sodium, potassium, lithium, 
caesium, and rubidium, give spectra of defined lines which are not altered in character 
by the introduction of a Leyden jar, and which, in the case of sodium, potassium, and 
Uthium, we know to resemble the spectra obtained when electrodes of the metals are 
used. Now, all these metals belong to the monad group ; it appeared, therefore, inter- 
esting to observe the behavior of the other metal belonging to this group. 

" Chloride of silver when introduced into the Bunsen flame gave no lines. The 
chloride was then mixed with alumina, which had been found to give a continuous 
spectrum only, and exposed to the oxyhydrogen flame, but no lines were visible. 
When, however, the moistened chloride was placed on cotton and subjected to the in- 
duction spark without a jar, the true metallic spectrum was seen, as when silver elec- 
trodes are used. 

" The behavior of silver, therefore, is similar to that of the other metals of the 
monad group. Now, the difference in basic relations which is known to exist between 



* ^ For the spectra of metallic strontlaixi, baiium, and caldmn, see PhlL Trans., 1861 p. 148, and 
flatas I. and 11. Both forms of the spectra of these substances are represented by ThaI6n In his 
Spektralanalys.' " 
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many cases the bright lines flash out only to vanish again imme- 
diately. In order to observe the spectrum for a longer time, it 
is necessary, therefore, to be constantly introducing new material 
into the flame — ^a tedious and troublesome process. 

To overcome this difficulty and obtain a permanent spectrum, 
Mitscherlich has devised the following expedient : A solution of 
the substance to be examined is introduced mto a small glass 
vessel a (Fig. 62), closed at the top and bent round at the lower 
end, which terminates in a narrow tube i. In this opening is 
placed a bundle of very fine platinum wire Oj tightly held to- 
gether by a wire of platinum, and secured into the tube by the 
bent position of the wires. By capillary attraction, the liquid 
is continually drawn through the opening by the platinum wick 
to the place of volatilization. A series of such tubes may be 
ranged round the circumference of a revolving table d (Fig. 63), 



FiQ. 62. 



MitscherUch's 8p«ctmm Wlek. 

BO that the platinum wick of any one of them can be brought at 
will into the flame of the Bunsen burner A, placed near the edge 
of the table. An addition of acetate of ammonia to the solution 
assists the capillary action of the platinimi wick, which, when 
rightly placed in the flame, allows of the spectrum*being continu- 
ously observed for nearly two hours. 

the oxides of the monatomic and poljatomic metals would be in accordance with the 
distinction which the spectroscope shows to exist in the behavior of their chlorides ; 
the chlorides of the polyatomic metals would be more likely to split up in the presence 
of water into oxides and hydrochloric acid. 

^ In the case of some of the oxides and chlorides, one or more of the lines ap- 
peared to agree with corresponding lines in the metallic spectra ; it may be, therefore, 
that under some circumstances, as in the case of magnesium burning in air, the metal- 
lic vapor and the voUtilized oxide may be simultaneously present."] 
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complete, and more generally applicable, is tti. 
rivance by Morton, of Philadelphia, which, int^ 
or the production of rrumochrcmatic (homoger:^. % 
arge scale, is also employed in spectrum rese^ 
a continuous supply of greater quantities of tlx^ 
>e examined into the Bunsen flame. The ap]^^ 
)ur or five ordinary non-luminous Bunsen lam j>j5 
:ed into one common-gas tube D, and enclo& 
the supply of air is received, by a covering of 
side of this case is a wide opening C, througk * 
' of a disperser E supplies a stream of vapor 1^^ 
rit-lamp, or else a stream of air is driven throix 
means of bellows or an India-rubber ball, i 
m ordinary spray apparatus. Close under the cij 
ed tube F is a glass tube which reaches down X 
containing a solution of the substance to be ^ 
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Mitscheriioh's Apparatoa ibr Permanent Spectra. 



stream of air or vapor forces some of the liq[ixi^ 
X up the vertical glass tube, and disperses it ; th.^ ^ ■^^•^ 
lixed with a sufBicient quantity of atmospheric aix-^ ^^^ ^ 
ibly through the orifice into the tin case, w-j^ ^•^^^^ 
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they are mingled with the coal-gas and are volatilized at the 
mouth of the burners. By this method, Morton has produced 
monochromatic light of various kinds on a large scale, especially 
the yellow light of sodium, by the use of a solution of conmion 
salt, which, with a suitable disposition of sixty such sets of burners, 
he employed for the production of magic effects on the stage. 

Application of the iNDxronoN Coil. 

When the heat of the Bunsen burner is not suJBScient to vola- 
tilize the substance to be investigated, recourse must be had to 
those sources of still greater heat that have been already described 

Fio.64. 




Morton's Appantos ft>r Monochromatlo Light. 

(oxyhydrogen flame, p. 16, the voltaic arc, p. 27, the induction 
coil, p. 23), among which the induction coil deserves the prefer- 
ence on account of its greater facility of management. The 
apparatus is employed in the usual manner by moistening the 
ends of the platinum wires, between which the spark passes, with 
the substance to be investigated, and examining the spectrum ot 
the spark, or, when this heat is insufficient, by intensifying the 
spark through the interposition of a special condensing appara- 
tus (p. 23). 

In general, however, the effect of this method is to produce 
two different spectra, which are superposed, one of the gas in 
which the spark passes, and the other of the metal forming the 
poles. K electrodes of different metals be employed, and the 
spark be allowed to pass always through the same gas, the spec- 
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iiminous gas appears as if it were a background 
ore intense spectra of the metals are well relies 

in which a Leyden jar is interposed for intens: 
easily understood by reference to Fig. 65. M 
induction coil, which, to insure a discharge of 

supplied with electricity from a powerful R 
ora six to eight elements (Fig. 13). The extre 
re fastened into the insulated binding screws 1 sat, 
•st (1) of these pass two wires, one (4) to the hi^M^ 
i the other to the knob K, in connection witl:^ 
g of the intensifying- jar K; from the second C^"^ 
res, one to the bjnding-screw a, and the other* 

is connected by means of the copper disk T* 

Fig. (tS. 





Intensifying the Electric Dlflcbarge by a Leyden Jar. 



Joating of R. B and D are wire holders for tlx^ 
the metals, the spectra of which are to be exarrxi:^-^^ -^^^ 
insertion when necessary of platinum wires, the ^-^^ ^ :3fc 
lay be smeared with the substances to be investig'^^^ ^^^'-^ 
metallic arm ah Bis insulated from the lower a^-j-^^^ ^^^ 
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D by the mtervening piece of ebonite, so that the equalization oi 
the opposite electricities accumulated in 1 and 2 can take place 
only through the wires B and D at i, and the spark can only 
pass when the quantity of electricity accumulated in the jar E is 
of such an intensity as to enable the discharge to break through 
the stratum of air between the wires B and D. Sparks produced 
in this way are shorter than those not intensified, but far more 
powerful ; they are very bright, and of so intense a heat that all 
metals may be raised to incandescence in them and volatilized; 
the spectra thus obtained are unfortunately not steadily visible, 
for, owing to the discontinuous Miction of the machine, they flash 
out momentarily with every fresh spark, and by their inconstant 
light interrupt investigation.* 

Browning has much improved and simplified this method of 
introducing a Leyden jar into the current of an induction coil by 



Tig. 66. 




Browning 8 IntensUying Apparatus. 

substituting plates of ebonite for the glass jar. When these are 
coated on both sides with tin-foil, they act like a Leyden jar. 
Browning places from four to six of such plates in layers entirely 
insulated one from another, enclosed in a case A, seen in Fig. 66. 

* [The difficulty is easily removed by such an arrangement of the power of the coil 
relatively to the size of the jars, that the discharges succeed each other with a rapidity 
sufficient to produce a persistent impression on the eye.] 
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By a simpTe mechanical contrivance inside the box, one or more of 
these intensifying plates can be used as required. The brass rod 
B, with the two ebonite holders C, D for wire or glass, is screwed 
on to the lid of the case, and is placed within the box when 
the condenser is not in requisition. The substances to be in- 
vestigated, or the metal wires, are inserted between the platinum 
forceps 3 and 4, from the binding-screws of which the conducting 
wires 1 2 lead to the poles xy o{ the ebonite plates projecting 
from the box. The whole apparatus is by means of the same 
binding-screws placed in connection with the wires (1, 2, Fig. 65) 
of the induction machine. The ebonite holder D is fitted for the 
reception of glass tubes or other vessels provided with conduct- 
ing wires — the details of which will be given hereafter — and by 
the help of a spring, of Geissler's tubes, so that the spectruni of 
the substances they contain, whether in a liquid or gaseous con- 
ditio;!, may be brought under examination. 

The first successful contrivance for the examination of the 
spectra of liquids, and of substances in a state of solution, is due 
to S6guin, of Grenoble, whose plan has been greatly extended 
and very variously applied by Becquerel. The contrivance, as ar- 
ranged by Euhmkorif and Browning, for convenient use, consists 
of several glass vessels, J, J„ J, (Fig. 67), five or six inches in height, 
and rather more than an inch in width, inserted in the small table 
A B ; these vessels are fused at one end, while at the other they 
are closed by corks. A platinum wire ftised into the lower end of 
the vessels, and projecting into the inside, places the liquids they 
contain in connection with the negatme pole of the induction coil, 
while a second platinum wire, fused into the narrow glass tubes 
a, »!, flj„ passes through the corks from above, and, projecting 
one-twentieth of an inch from the small tubes, remains some 
tetith of an inch distant from the surface of the liquids. By con- 
necting the binding-screws 1 2 on one side with the inductor, 
and on the other side, as shown in the figure, with the platinum 
wire h of the first vessel, and a^ of the last vessel, and by placing 
the other wires in connection, a with 5„ a^ with J„ etc., the 
electric current may be made to pass through all the liquids, and 
by the passage of the spark between the upper platinum wires a, 
a^, «„ and the liquids, the substances in solution may be volatilized 
in the heat, and their various spectra obtained at the same time. 

When the action of the induction coil is so regulated that the 
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interruption of the current and consequent passage of the spark 
takes place in rapid succession, the spectrum remains almost per- 
fectly free from disturbance, and the apparatus w.orks for hours 



Fio. C7. 




The Beoquerel-Ruhmkorff Apparatiu. 

together like an intense heat-lamp constantly fed with the sub- 
stances to be investigated. As, however, by the rapid succession 
of sparks the liquids in the smaller glass tubes often becom^ 
considerably heated, wider tubes should be employed when the 
apparatus is to be used for many consecutive hours. 

For these experiments, solutions of the various metallic com- 
pounds of chlorine in pure water are the most suitable ; when in 
a concentrated form they produce spectra of great intensity, but 
weak solutions will give spectra that are easily to be recognized. 
The spark is colored more or less intensely, according to the 
nature of the metal held in solution. The following metals 
give great brilliancy to it : chloride of sodium (yellow) ; chloride 



Digitized by 



Google 



METHODS FOR EXHIBITING SPECTRA. 



113 



of strontium (red ; chloride of calcium (orange) ; chloride of 
magnesium (green) ; chloride of copper (greenish-blue) ; chloride 
of zinc (blue) ; but various other compounds of barium, potas- 
sium, antimony, manganese, silver, uranium, iron, etc., give also 
very remarkable colorings, and corresponding characteristic 
spectra. It is one advantage of this method of investigation, 
that the spark from platinum wires produces no direct spectrum 
of platinum, inasmuch as the heat is not sufficiently great to 
volatilize this metal completely. 

For the investigation of the spectra of gases, either Pliicker's 

tubes (Fig. 12) may be employed, for which, besides the glass 

• tubes provided with platinum or aluminium wires, a special quick- 

* silver air-pump is requisite ; or Angstrom s plan may be adopted, 

in which the electric discharge from a Leyden jar or induction 
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Stand fiv Fiacker's Tnbes. 



machine is allowed to pass between two points of one and the 
same metal enclosed in glass tubes, which are filled with the gases 
to be examined. In the first case, the tube E, filled with highly- 
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rarefied gas, is placed withm the spring clamp B, lined with cork, 
and movable upon the stand A (Fig. 68), which at the same time 
revolves upon its horizontal axis, and therefore serves to place 
the tubes vertically or horizontally, as may be required ; when 
the electric discharge passes through the tube, the enclosed gas 
becomes luminous, and shines in the narrow part of the tube 
with an intense light ; it is only necessary then to bring the slit 
of the spectroscope as near as possible to the tube in a position 
parallel to its length, to recognize at once a distinct spectrum of 
the gas. In the other plan, where the spark passes between two 
points of metal in the gas to be investigated, the gas or metal 
spectrum is more or less brilliant according to the distance of the 
points one from the other ; the spectrum of the gas should there- 
fore be observed in the middle between the metal points, where 
it is most distinctly marked and most easily distinguished from 
the discontinuous spectrum of the metal.* 



31. Influence of Temperature and Density on the Spectra 

OF Gases. 

Bunsen and Kirchhoff have proved that the degree of heat of 
the flame in which a substance is volatilized and made luminous 
has no influence on the position of the colored lines of the spec- 
trum, but that it affects considerably their number and bright- 
ness. As the brightness increases with the temperature of the 
flame, it often happens that bright lines will appear in the spec- 
trum of the same substance at a high degree of heat which were 
scarcely to be seen, or indeed were invisible, at a lower temperar 
ture. The spectrum of thallium, a metal recently discovered by 
spectrum analysis, consists of a single bright-green line when 
volatilized in a Bunsen burner; but, if the electric spark be 
allowed to pass between two thallium wires, many other lines 

* [A convenient method of observing the spectra of gases at the atmospheric press- 
ure is to cause the induction spark to pass between wires sealed in a glass tube which 
is drawn into an open capillary point at one end, and at the other is connected with 
the vessel m which the gas is slowly produced. The glass tube should be cut away in 
front of the wires, the edges ground flat, and a small plate of glass held ur-tight over 
the opening by elastic bands, an arrangement which permits of any deposit on the 
inside of the tube being easily removed. By this method fresh portions of gas are 
constantly exposed to the spark, which is of importance when some compound gases 
are under examination, and some sources of impurity, which are possible when the gaa 
is collected, are avoided.] 
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become visible at the far higher temperature of the spark, among 
them a set of violet-colored bands at some distance from the 
bright-green line. Lithium in a moderate temperature gives 
only the one magnificent red line already alluded to ; at a higher 
temperature a faint-orange line makes its appearance, and at the 
extreme heat of the voltaic arc Tyndall was the first to notice, 
during a lecture at the Royal Institution, the further addition of 
a bright-blue band. The principal red line (Ka) of potassium can 
be made to appear and disappear according as the temperature is 
increased or diminished. By the use of an ordinary Bunsen 
burner producing a moderately high temperature, this line is 
always apparent in the spectrum of potassium ; but if the tem- 
perature be raised by the use of bellows it immediately disap- 
pears.* If a few grkins of common salt be dropped into the 
flame of a Bunsen burner, there is emitted an intense light of 
one color, producing a spectrum of one single yellow line. If 
the temperature of the flame be raised by a further supply of 
oxygen, the brilliancy of this line is immediately augmented, and 
the number of colored lines so much increased as to approach 
somewhat to a continuous spectrum.f If Debrai's heating appar 
ratus be made use of, and the sodium-vapor raised to the tem- 
perature of 2500° C. (4532° Fahr.), the bright lines become so 

* [The red line is present with the intense heat of the induction spark, and is double. 
In addition, Huggins observed about sixteen lines, which are marked in his maps, 
when the induction spark was taken between electrodes of metallio potassium. When 
metallic lithium was employed, only one line of moderate intensity was seen in addition 
to the three strong lines which disdnguish this substance.] 

f [In 1868 Huggins observed that when an induction spark is passed between 
electrodes of sodium, in addition to the well-known double line, three other pairs of 
lines and a nebulous band make their appearance in the spectrum. The two more 
promment of these are not far from air-lines, and with an instrument of insufficient 
dispersive power might easily be confounded with them. He showed that these lines 
really belong to sodium, and not to accidental impurities. 

There is also at least one bright line between the well-known lines coincident with 
J>. He describes his comparison of this spectrum of sodium with the solar spectrum 
thus: 

** So numerous are the fine lines of the solar spectrum, and so difficult is it to be 
certain of absolute coincidence, that I hesitate to say more than that the pair of lines 
818 and 821 (of the scale of the maps in Phil Trans., 1864) a))peared to agree in 
position with EirchhofTs Imes 864.1 and 867.1 ; and of the pair 1169 and 1174, one 
appears to coincide with a line sharply seen in the solar spectrum, but not marked in 
KirchhofTs map, which would be about 1160.2 of his scale, and the other with Kirch- 
hofTs line 1164.2. The other pair and the nebulous band are too £unt to admit of 
satisfactory comparison with solar lines.^'] 
9 
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numerouB that the diiFerent colors run one into the other, and 
produce a continuous spectrum. The former yellow sodium 
flame has become white, and contains rays of every degree of 
refrangibility. 

Pllicker and Hittorf obtained similar results in their researches 
on the spectra of luminous gases and vapors, whereby they proved 
the existence of two different spectra (of the first and the second 
order) in hydrogen, nitrogen, oxygen, phosphorus, sulphur, 
selenium, etc. The spectrum of the first order is a continuous 
one, with shaded bands ; that of the second order consists of 
narrow bright lines on a dark background : the former appears 
with an electric discharge of moderate tension, while the latter 
belongs to a high temperature, such as can be produced in Geiss- 
ler's tubes by the electric spark at a high tension. 

Still, however, in some cases where the same kind of electric 
discharge is employed, different spectra ^e obtained according 
to the degree of density given to the gas enclosed in the tubes. 
"Wiillner has followed out these investigations with hydrogen, 
oxygen, and nitrogen, and obtained, according to their degree of 
density, from two to four spectra for each of these gases. 

The following remarkable phenomena are exhibited by hy- 
drogen with the use of one of Kuhmkorff 's large induction ma- 
chines, set in action by a battery of six of Grove's elements, and 
with the occasional introduction of a Leyden jar (Fig. 65) : When 
the pressure to which the gas is subjected is much less than one- 
twentieth of an inch of mercury, the spectrum is discontinuous, 
consisting of six groups of extremely bright lines in the green. 
When the density of the gas increases, there appears temporarily^ 
by the use of a simple induction current not too strong, a spec- 
trvm of Ixmds^ I. order (Fig. 69, No. 1), which, however, on the 
pressure of the gas amounting to one-twentieth of an inch, soon 
changes into the spectrwm of Unea designated by Fliicker as II. 
order (Fig. 69, No. 2), and consisting of the three lines H a 
(vivid red), H fi (bright green-blue), and H 7 (blue-violet, and 
fainter than the others). (Compare Frontispiece No. 7.)* When 
the pressure on the gas exceeds that of one-tenth of an inch, a 
bright light appears in the red, and in two places in the green, 
and with an increase of pressure the spectrum assumes more and 

* A fourth line, H 6 (Tiolet), was diBcoyered by Angstrdm in this Bpectnim, which 
oorreeponds with the dark line in the solar spectnim marked h. 
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more the character of a spectram of bands (I. order) extending 
from orange to blue, but still crossed by a series of bright lines 
between H a and H /8. Up to a pressure of eight inches this 
gpectrum retains its AiU brilliancy, but, as the pressure increases 
to sixteen inches, it gradually loses in intensity, without its gen- 
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eral character being essentially altered, excepting that the indi- 
vidual lines, as was observed.by Pliicker, begin to widen. 

If the pressure be still fiirther increased, the spectrum be- 
comes brighter again, the yellow and the orange gradually reap- 
pear, the Une H a remains still vei^ briglft, but is somewhat in- 
distinct at the edges. From lihis line, however, a completely 
continuous spectrum without bands extends from the orange to 
the violet, and is brightest where the line H p was situated. 
With a further increase of density the brightness of the spectrum 
is throughout much increased ; under a pressure of twenty-nine 
inches, there is still a faint maximum of light perceptible at the 
epot H a, which, at a pressure of thirty-nine indies, almost ceases 
to be visible. 

The spectrum is then completeLy corvtmuous between H a cmd 
H )3, like that of an incandescent solid body, only the bright- 
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iiess is somewhat differently distributed. The temperature of 
the tube is now raised so high by the heat of the gas that the so- 
dium line appears as a bright-orange line, which is occasioned by 
the vapor of sodium given out by the glass. With a pressure of 
forty-eight inches, the whole of the continuous spectrum is really 
dazzling ; and, even under a pressure of fifty-two inches, the elec- 
tric discharge from the jar may still be passed through the tube, 
though it now takes place only by. flashes. 

The changes, therefore, through which the spectrum of hy- 
drogen gas successively passes when the density of the gas is 
gradually increased from the minimum up to the maximum press- 
ure at which the induction current ceases to pass, are as follows : 
1. The spectrum of six lines in the green ; 2. The temporary 
spectrum of bands (I. order) ; 3. The spectrum of three lines (11. 
order) ; 4. The more permanent and complete spectrum of bands 
(I. order) ; 5. The pure conUnuoua spectrum. 

That the shaded spectrum of bands (Fig. 69, No. 1) differs 
essentially from the unshaded continuous spectrum, is shown by 
Wullner's observations with the Leyden jar. When the con- 
denser was introduced the shaded spectrum was not visible, but, 
by an increase of pressure, the spectrum of the three lines, H a, 
H /3,,H 7, passed at once by a widening of the lines into the un- 
shaded continuous spectrum ; it is therefore incorrect to describe, 
as is often done, a spectrum of bands as a continuous spec- 
trum of I. order, and also to speak of two di'stinct continuous 
spectra. 

Oxygen exhibits nearly the same phenomena. Under slight 
pressure there first appears a spectrum of bands ; as the pressure 
increases, this spectrum gives place to what Plucker has desig- 
nated a spectrum of lifies, which loses in brilliancy as the density 
of the gas increases, till, at a pressure of eight inches, it is scarce- 
ly visible. The brightness then augments, and at the same time 
there appears as a background an unshaded, pure continuous 
spectrum, which becomes so brilliant in the red and yellow as to 
incorporate with itself the lines of the other spectrum, which are 
no longer distinguished by their greater brightness. 

In nitrogen, the change from the spectrum of bands (I. order) 
to the pure continuous spectrum is very distinctly marked, since 
at a certain density of the gas the spectrum of bands I. order 
(Fig. 69, No. 3) disappears, and is replaced by the spectrum of 
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lines n. order upon a dark background ; it is not till afterward 
that the background becomes quite continuous and luminous. 

K it be conclusively established by these investigations of 
Wullner that the various spe^jtra of a gas are dependent upon its 
density, and that the continuous spectrum is formed at the great- 
est density and with the strongest induction current that can be 
made to pass, yet the answer to the question as to the dependence 
of these spectra upon the temperature of the gas is still left to 
conjecture, since the connection between the kind of electric cur- 
rent and the temperature of the spark or of the glowing gas has 
not yet been ascertained. Every thing, however, seems to point 
to the conclusion that the spectrum of bands (I. order) is charac- 
teristic of the lowest temperature — a conclusion which seems to 
be borne out first of aU by the early observation of Plucker and 
Hittorf, who always obtained a spectrum of bands with a simple 
induction current, but a spectrum of lines when a condenser was 
introduced ; and, secondly, by the observations made by Wullner 
on a great vjjriety of gases. The spectrum of lines (II. order) is 
the result of a higher degree of heat, the continuous spectrum 
that of the highest temperature. The spectrum of six lines oc- 
curs at the minimum pressure, under a similar condition of the 
electric discharge (by flashes or impulses) that took place with the 
maximum pressure ; the temperature of the gas producing this 
spectrum is therefore in all cases higher than that by which a 
spectrum of bands is produced. 

In confonnity with this view, that the continuous spectrum 
appears only with the highest temperatures, such as are requisite 
to render luminous gas of great density, is the fact discovered by 
Frankland, that, as the yellow sodium-flame becomes white when 
burning in a stream of oxygen, and then emits rays of every re- 
frangibility, so also does the flame of hydrogen, usually so little 
luminous, become a white luminous flame in compressed oxygen 
gas by an mcreaae of temperature, when it emits a continuous 
spectrum. 

The doubt still left by these investigations, as to whether the 
difference in the spectra of hydrogen is to be ascribed mainly to 
the influence of pressure, or to the temperature conditional on 
that pressure, must first be settled before it can be determined 
from the appearance of one or other spectrum what the amount 
of pressure is to which the gas is subjected, and this is rendered 
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the more necessary by the investigations lately undertaken by 
Secchi concerning the various spectra of hydrogen, nitrogen, 
bromium, and chlorine. 

Secchi sent the electric spark from an ordinary ftiction ma- 
chine, through a tube filled with rarefied nitrogen, the tube being 
so constructed as to consist of three lengths of tubes of various 
calibres, the first portion a capillary tube, the second part one- 
eighth of an inch in diameter, and the third about three-tenths 
of an inch. When the conductor was placed in connection with 
one of the platinum wires from the tube, while the other wire 
communicated with the friction-cushion, there was seen in the 
capillary tube only the spectrum of I. order, consisting of narrow 
connected stripes or bands, giving the appearance of grooves 
(Rg. 69, -No. 3). "When, on the contrary, one of the platinum 
wires was connected with a metal knob, and a spark allowed to 
pass, while the other wire conducted to the earth, the spectrum 
changed according to the length of the spark. When the spark 
reached the length of three-quarters of an inch, the capillary tube 
shone with a green light, and gave a spectrum of lines, or that of 
II. order, while the wider portions of the tube gave a spectrum of 
bands of I. order. With a suJBScient length of spark, therefore, 
three varieties of spectra may be seen at the same time ; in the nar- 
rowest part of the tube the spectrum of 11. order with bright lines 
appears, and in the two wider parts of the tube are to be seen 
spectra of bands or stripes. One of these latter spectra is that de- 
scribed by Pllicker as consisting of fine groove-like bands, and the 
other is composed of wider bands, which are so spread out that 
three of them are equal to eight of the former. The same ph^ 
nomena occur if instead of an electrical machine a powerful induo- 
tion coil be used, and a condenser introduced into the current. 

Similar results were obtained from bromine, chlorine, and 
hydrogen, which prove that^ m diff^ererU aeotiona of the same 
tube jUled with gas of the same density^ spectra of the various 
orders mai/ he obtained a^ the same time. 

Now, the influence of the diameter of the tube upon the tem- 
perature of the enclosed gas is the same, no doubt, as that which 
occurs in the metal wires, in which it has been established that 
the heat increases in an inverse ratio to the square of the diame- 
ter. It therefore follows that the temperature of the gas is great- 
est in the capillary part of the tube, and that imder an equal press- 
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ure of the gas the Bpectrum of bands (I. order) correspondB to a 
lower temperature than the spectrom of lines (II.^)rder). 

The temperatures at which these spectra of the various orders 
are produced are not the same for all gases. In a tube contain- 
ing both nitrogen and aqueous vapor, the lme8 of hydrogen 
(spectrum II. order) made their appearance at the same time as 
the spectrum of bands I. order of nitrogen, whence it follows 
that the lines of hydrogen are visible in a temperature in which 
the lines of nitrogen do not appear. 

32. Influence of the Tempeea.tueb of Gases on the WnxrH 
OF THE Lines of the Sfecfbum. 

The width of the lines of the spectrum depends in general 
upon the width of the slit of the spectroscope; by widening the 
slit these lines also widen, without their brilliancy being affected. 
This width, as a rule, is not less than that of lie slit, but Knes 
wider than the slit are often observed. An exception to this rule 
is found in some lines in the spectra of gases when they have 
been produced at different temperatures. The spectrum of hy- 
drogen occupies so important a place in the investigations of 
the physical constitution of the sun and other heavenly bodies, 
that it will be desirable here to mention the facts which re- 
late to the widening and contracting of the three characteristic 
lines. 

Pliicker and Hittorf were the first to observe that in a nar- 
row tube filled with hydrogen the three characteristic lines H a, 
H jS, H 7 (Frontispiece No. 7), appeared at a certain degree of rare- 
faction. By raising the temperature of the tube by the introduc- 
tion of a Leyden jar, or other means of intensifying the electric 
discharge, an increase of the width of the line H7, toward both 
ends of the spectrum, is first apparent, then a widening of the 
line H)8, while H a remains almost unchanged till H 7 has passed 
into an undefined, broad violet band, and H fi has, with dimin- 
ished intensity, become extended in both directions. With a 
pressure 2^ inches, the spectrum of lines has already passed into 
a continuous spectrum ; and under a pressure of 14J inches the 
intensity of the spectrum has so much increased that the red 
line H a, now widened into a band, is scarcely distinguishable 
from the rest of the spectrum. 
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When the gas is highly rarefied, the line H a is the first to 
disappear, while H /8 is still distinctly visible. 

These observations upon pressui*e have been confirmed by 
Wiillner as follows : under a pressure of ^ of an inch the spec- 
trum of hydrogen consists of the three lines ; with a pressure of 
1-^ inch, the line H 7 is considerably increased in width, H j3 
less so, while H a remains unchanged. When the pressure' is 
increased to 18 inches, the lines H 7 and H )8 have so fer ex- 
panded that continuous bands of color appear in their places, and 
H a is visible only as a wide, diifdsed line, until at the great 
pressure of 22 inches the spectrum is perfectly continuous, and 
H a is no longer to be recognized as a line, but is changed into a 
broad red space. 

It was found by Secchi by employing tubes of varying calibre 
(§ 31) that, with a diminution of the tension and temperature of 
the electric spark, the width of the hydrogen lines decreased, till 
with the same width of slit they disappeared, or else became tery 
fine and scarcely to be seen, in the parts of the tubes of greatest 
diameter, while they continued visible in the capillary portions. 
It therefore follows that with the same pressure on the gas a 
diminution of temperature is accompanied by a narrowing of the 
hydrogen lines, and it seems that ^o^th a gwen density iJiere i% a 
li/rrdt of tem/perabire aJb which the three bright lines of this gas 
disajppear. . Were it possible to estimate this temperature, the 
amount of pressure to which the gas was subjected could be in- 
ferred. This question is involved in considerable difficulty, but 
is at the same time of such great importance in the investigations 
of the solar atmosphere that it will no doubt soon engage the 
attention of those physicists who have the requisite apparatus at 
their command. 



33. Influenoe of Tkmperatuee on the Delicacy of Spectbum 

Keactions. 

Bunsen and Earchhoff discovered, in their first labors on this 
subject, that the spectra of alkalies and alkaline earths increased 
in intensity as the temperature to which they were subjected 
increased, but it remained uncertain whether the increased bright- 
ness resulted merely from the increased volatilization of these 
metals or from the consequent increased delicacy of the spectrum 
reactions. 
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Cappel has therefore lately renewed these investigations; 
Bolutions of the metallic salts were volatilized between the polos 
of a small induction machine giving a spark |^ of an inch long, 
and by the use of Mitscherlich's glass tubes, provided with plati- 
num wicks (Fig. 62), the spectrum made permanent for some 
time. A series of solutions, each half the strength of the preced- 
ing one, were prepared from a number of metallic chlorides; the 
spectrum of the metal which was in connection with the positive 
pole was continuously obsei-ved, while increasingly concentrated' 
solutions were brought in succession into the electric current till 
the lines of the substance, the position of which had previously 
been accurately determined for that particular spectroscope, were 
clearly visible. 

The result of these observations is given in the following 
table. 

The second column contains the minima of metallic substance 
needed to produce the principal characteristic line, therefore the 
most sensitive line of the metal. It shows that by the use of this 
minimum of metallic substance the spectrum consists of only one 
single line, with the exception of copper, the spectrum of which, 
even with the smallest perceptible mixture, is composed of three 
lines. The third column is compiled from jsarlier observations, 
so modified that the weight of the mixtures has reference to the 
amount of metal contained in the compounds. 

From this table it appears that, with the exception of tlie 
alkalies, the susceptibility of the spectrum reactions in the metals, 
inclusive of lithium, is from 40 to 3,000 times greater in the heat 
of the electric spark than in the temperature of the non-luminous 
gas-flame. Many new lines make their appearance in the spec- 
trum of the induction spark which are not visible at a lower 
temperature.* 

As a practical result of these investigations by Cappel, it 
seems to be established that the spectrum analysis of alkalies is 
best conducted by the temperature of the oxyhydrogen flame, 
and that of other metals by the electric spark. It seems probable 
that by the use of still higher tension, such as may be obtained 
by the introduction of condensers (Fig. 65), the sensibility of the 
spectrum reactions in a great number of metals may, in conse- 
quence of the higher temperature, be raised above the foregoing 

limits. 

• » [See note, p. 104.] 
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ORS OF NATURAL OBJECTS. 



of the choice of a suitable tempei^-fc-^ 
spectrum analysis is shown by the beh.^^ ^ 
example, y-J-j- of a milligramme of thija. 
f that can be detected by the ordinai-y- 
rt of this small quantity will be showxL 
a the Bnnsen burner; but if the electri<:^ 

part of this last small particle may 1:;> 
B greatest certainty. Cappel, therefore, 

searching for new metals the employncfc. 
. is very important, and that thie use of^ 
a machines, with the addition of condL 
:)ly lead to the discovery of new element:^ ^ 



*t=«,X 



^^1 



^ais- 



^ie._ 



Che Colors of Natural Objects. 

)lors of the spectrum, which are the simp^ ^ 
; white hght, there is another class of ^-^ ^ 
y substance, which are therefore known ^^^» ^ 
objects. When we see that a picture is fV:^ i*-*-*^ ^^^ 
canvas with various pigments, and that 1^^^^^^^ 
bright with the most beautiful tints, whil^ ^v&-"l-^^^^ 
•ed, green, or blue, according to the color of* "^^^^^ 
;h it is dipped, we are easily led to believ-^ *-'^^^^^ 
carries in itself its own color, which is P^citji^^^^ 
is inherent in the substance. At most, we Xi:^:? ^*^:^-- 
: was requisite to render the color visible. ^"-^X-fc 

s is not so. Were colors reaDy something inJx^^ 
^very colored substance would manifestly aj>-|^ ■^^'fc 
same color by whatever light it was illumin.^^^ ^-*^ 
very one knows, is not the case. The t^^axx-ti-fs^^^ ^ 
Lch in daylight appears of the purest color seeiris c3^^ ^ 
' gas-light ; materials which in daylight are a t>x*i v!^~^ 
I with green in candle or lamp light. And wl-x^,^^5^^ 
' a colored object be viewed through a tinted gX». ^^ 
a seem changed, without the objects in thems^j^^^ ^ 
; if the color of the glass be intense, the va.r*i ^^^t 
J obiects immediately disapnear, and every tJ:i^j ^^^i 
in the color of the glass. Tne same thing i^apj^^^,^^ 
ion salt be rubbed into the wick of a spirit-lamp, ^^-mV^^ 
objects viewed by the yellow light of such a fla^xx-/^^^ 
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arxA o^ex-y 



the colors disappear, or lose much of their ^"1]^^^^^^'^ a^xU gray. 
thin£^ seems either in mere light and shade, or else ^ ^^^^t, Irx oT3- 

These tact^ clearly iirove that colors are not ^^^^^g^^ tlaey »re 
jects, that they have no independent existence, hixt:^ 
called forth hj some extraneous cause. -i^^t thero mnst 

On the other hand, these considerations show t^i^ farmatioTr 
be something in the ohjeets themselves to help in- yght illt"^^' 
of color; tor they in no way assume the color of ^^^^^ hixe- 
nating them, but appear, as a rule, of quite a diffe:^-^ -ppears T^lxen 

Thc?ifl^ur^n^eolorof an object is that in which it> ^\yj daylig*^* ; 
illuminated by the p^lre^^hite light of the sun, o^r ^ 'J^a^^y ^ 
it is called red or blue when it so appears by dayl^^^,. of axiotlier 



color, the eaiiee of the change must be looked for rT^ ^^^aves con- 
wbich the suriatre of the body exercises on the etlr^^ ^^ are very 



Btituting white light, T!ie effects of this influ^^^^^ patter witb- 
different aetording to the nature of the coloring ,-^ reduced to 
which the ohject is provided; but they may mostlj^ -^er-i^no^^^^ ^^ 
one of two eases : eithei- that a portion of the e^ its passage 

entirely stopped, or go considerably diminished ^ ^^ ^eat instead 
over the ponderable atoms of the substance, as tha^'^ ^ irregularly 
of hght is evolved; or else that the ether-waves^'^ occ"^ ^'^^^ 
reflected from the surface of the object, as Bometim "^^^^^ 
the waves of Bound. In the first case the rays of 
to be absorbed; in the latter, scattered, \y^(f^^'^?> ^ 

When the sarihco of a body has tlie property or ^f ^^^ — ^®^' 
the colors of the solar Bpectrum with the excerption ^^^^ because 
for example— that body appears red to us W dav<^iSe contrary, 
this color alone m reflected to the eve. W>.^£ / ^^e red and 



occurs ^itb 
are said 



len, on 



-^,,...™ to the eye. ^Wl^ 
It has the power of absorbing some of ttet 

orange, for instance—ana of reflectin- -^ ^^^ 



\^^ red and 
'gamely, the 



yellow green, and bin; 7l.: eZr Tf ,? '''^. ^'^^^' ^^T T 

produced by tU mixtur^ onhe .m^^^^^ ^^^ ^ted^t^Iors. 

Now, as white light eoxUains thTwS ^^^^ ^^^^^r^ ^f ^^ ^ 

colored obieets sliould lie seen iri t,o* "y ^<> ™*^ ^O infinite 

variety of tints * nature with suc:*^ 

• [A certain proportjon of the Ueht fallin,. »lJr sent back 

Ihe color of the Bubstaae*. U di*e,] ^^^^rgouig tlie elective fi\y^^ 
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lors of white light are reflected from aix 
tions as ttey occur in the solar spectrio^ 
te \yy daylight, and brilliant in propoi- 
;lit it reflects. In proportion, howev^- 
of all Tvinds, the white Ibses in intensifc. 
it gray, then dark, and at last black, \^ 
»on it are absorbed and none reflected, 
are therefore black the surfaces of whict:^ 
ibsorb all the colored rays of white light* -- 
reflect all the rays which fell upon the :s 
lored which reflect some of the rays au(J^ 



et may therefore appear of aU colors: if t^^^^^ ^ ^ 
reflects it to the eye, and appears red; i;^-^ ""^S'la^t 
> blue; in green light, green, etc.; wl^^^ *^lvi^ 

rays appears black, whatever may be th^ ^=^^~^^^^^^ 
ich it is illuminated. <:>x* 

e further remark that a colored substance ^X^ 
: when illuminated by colored light, fi-xz^^^^ ^^ 
ther than its natural, that is to say, dayligl^^ 
example, when t)laced in red light, becot^x^^ 
l; in orange or yellow light, it appears or^^^-^ ^ ^^f* 
eper in tone ; green rays impart to it somefcl^^ -S*^ ^ 
, but, as the red substance can reflect only a :^ "^^ 
8, it appears pale and dull by their light ; it ^ ^^^ 
i darker in blue light, and with indigo and vioj ^^ ^ 

enomena are explained by the supposition th.^^ 
)lored bodies possess the property of refl^tixi^^ T*?^^ 
^articular color in far greater proportion than 
: colors ; they do not therefore appear black 
by a light differing from their own natural ocrw^ 
cample, apiece of paper half of which is coloj^^^^^"^^^:^^ ^ 
nd half red : the colored rays other than the blix^ ^^^^ ^C* 

all absorbed: it is true that the blue piece r^:^^^^^^::^^^^ 
tjs preeminently and in greatest number, as tlx^ ^^^^^''^^ 
be red rays, but the red has also the capability c^^«^ ^^^^^^^ 
aer rays to a small amount. If the pure yellow^ ^^ ^^^^^^ 
>flame impregnated with salt be allowed to fajj^ '^^'-^^t 
in a completely dark room, the paper must aj^-^^ ^^^:^-fc^ 
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retained, or entirely stopped. We found that those substances 
called black absorbed rays of every color and reflected no light 
from their surfaces, and that most substances absorbed with great 
avidity rays of certain colors, while they were insensitive to 
others. The cause of this absorption is probably due to the 
vibrations of the ether being communicated to the ponderable 
molecular particles of the substance. 

Similar phenomena are noticed when light is transmitted 
through colored glass. When all the objects in a landscape ap- 
pear red through a red glass, it is because the glass allows only 
the red rays to pass through, and absorbs every other colored 
ray : such a glass is transparent only to red light, and is opaque 
to every other color. But it is rarely the case that colored glass 
is transparent for one color only; most kinds of glass absorb 
rays of certain colors, and allow the others to pass through in 
very different proportions. The naked eye is unable to decide 
which of the colored rays are transmitted through a colored glass ; 
this can only be accurately determined by analyzing the trans- 
mitted light by a spectroscope or simple prism. 

If we examine by a spectroscope the transmitted light of the 
colored glass that we before made use of (§ 17) for obtaining red, 
green, and blue light, it will at once be seen that the ruby-red 
glass transmits some orange and even some yellow rays, as well 
as the red, but that it entirely absorbs the green, blue, and vio- 
let rays ; the cobalt-blue glass transmits some violet and green 
' rays, besides the blue, but absorbs all the red rays. If both 
glasses be laid one over the other, and a gas-flame looked at 
through them, it seems as if scarcely a single ray was trans- 
mitted ; 'the red glass absorbing the green, blue, and violet rays, 
and the blue glass absorbing the red rays, there pass through 
only traces of sudi light as has not been entirely absorbed, and 
this causes the ga&-flame to appear of a dull yellow. A combina- 
tion of several glasses, or indeed any single glass which absorbs 
all the colored rays composing white light, is opaque, that is to 
say, black ; glass of "perfect transparency, absorbing absolutely 
none of the transmitted light, does not exist. 



36. Absorption of Light by Liquids. 

The absorptive power of colored liquids is in general much 
more decided and marked than that of colored glass. No color- 
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ing matter has yet been found whieli will absorb or transmit 
only one kind of colored rays ; the colors of liquids, therefore, as 
seen by white light, are mixed coloVs, and their absorption varies 
exceedingly, according to the refrangibility of the light which 
falls upon them, and the degree of concentration possessed by 
the solution. Sorby, Haerlin, Hoppe, and Valentin, besides 
Gladstone and Huggins, have delineated a great nimiber of well- 
known coloring matters and other liquids, in the course of their 
investigations, and have ascertained to what extent their various 
degrees of concentration affect the individual parts of the con- 
tinuous spectrum. 

If these absorption phenomena are to be exhibited before a 
large audience by the use of the electric or Drummond's light, it 
is desirable to take those colored liquids which show their ab- 
sorption in a very characteristic manner, as, for instance, a solu- 
tion in ether of chlorophyll — ^the greenHJoloring matter of leaves 
— ^a solution in water of the coloring matter of human blood, or 
a thin layer of potassium permanganate solution. 



Via. 10. 




Glass Veaael for AbBorbentUquids. ■ 



of flat plates containinrthe ehl. ^1*88 jessel (Fig. YO) composed 
the T>ath of th,. r«t= 7if clilorophyU solution introduced into 

n.eX%1:'cl^S/ D:Krnl?^*nrr o^^^^^ ^^^^ ^■ 
Ko. 10) appear in^the red a^ w ,/ '^^ ^Y^^'i?' ^'*>^*i«Pi«''« 
violet ^rtLs, and the hlne i T ^ '"^ ^^ ^''^''^' ^««°' """^ 
the grSn chlorophyll s^'utit ^ ^"" ^^f *°/ ^"^^"'^^ ^""^ ' 

whole of the red and V.1W ^Z^^ ^°* *''^^^''''^ ^^^^^ ^-^^ 
and yellow rays, hut only those which possess a 
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ifrangibility or wave-length ; it exerts the same inflxi^- 
fost of the blue and violet rays, while it transmits itx^- 
II the other colors of white light. 



Fio. n. 




atly-diluted solution of fresh arterial blood be su'b-^ 
the leaf-green, the red in the spectrum will be inten— 
the blue and the violet will be nearly extinguished^ 

3^ shows in the yellow and commencement of th^ 
irk-blood bands, with a faint-green stripe interposed^ 
enomena appear in a much more striking manner if 
erved through a spectroscope instead of being pro— 
creen ; the colored liquid is then placed immediate- 
' tlie slit, and the spectra viewed directly by the eye^ 

for this purpose to have small glass troughs with. 
, similar to the one drawn in Fig. 70, but Stokes 
carefdlly-selected test-glasses,* any of which may be 

anufactures such glass tubes and vessels of every required size and 
n tlie form of a wedge, so as to test easily the same liquid at differ. 
iknesses. He also furnishes, enclosed in glass tubes, a whole series 
^rptive power of which is either remarkably great or else manifested 
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filled with tlie requisite liquid, and placed, as shown in Fig. 72, 
close in front of the alit bj means of a supporting rin^ fastened 
to the end of the spectroseope. If the instrument with the slit 
not too contracted be directed toward a luminous cloud, or when 
this is not avaikblo toward a bright light placed immediately in 
front, there will appear a brilliant spectrum crossed by dark 
bands produced by the absorption of the liquid. 

In many tsises small changes produced in these coloring mat- 
ters by dilution, by chemical action, or by the increase or dimi- 



I 



I 




OtMwTratioiii or Abwrptlon. 

formed Snm lit '^^■^P*'-^'^ ^^^^^ so that a condusion may be 

stances by whic-h it lias Jw . ''f'^^'^S "letter and the circum- 

bands arCet^fthe ^Juow^rf "^'r- ''''l'^^ f^^'^-^'^^^ 
either daylight or lamp-lS't f "^ ^''" °^ * spectrum formed by 

of blood, and winch exSs t^l^ "''*?' 'f"^'"^ ^'^ ^^* ' ''''' 
tible tinge of yeUow Onti ■ '^'^ ^^^ scarcely a percep- 

heen called into the servict. 'l"',*^^'^'"^* spectnun analysis has 
fitted to render valuable aid i P^^^'"^*'^ '^^ Pathology, and is 
it ia not improbable that tb "^^^"'^-'^S*^ inveatigatioua, since 
with the microscope wiU b , p°'^*^''03™pe, when in connection 
or poison in many c^ses whero h.*° '^'*''^ *^' Presence of blood 
no results, or only thoa*. nf » raicroseope alone can furnish 

y wiose ot an untrustworthy character. 
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n. The Sorby-Browning Miceospboteosoopb. 

bject of this instrament is to facilitate the aceirr^fcr-^^^ 
of the absorptive phenomena of the smallest solL<:i 
lies, such as are prepared for microscopic examin.,^ 
iscule of blood, for instance.* Sorby, with the ^t.^ 
rowning, has so arranged the spectroscopic part o:^^ 
t that it can be applied to any microscope by fixii^za.^ 
ice of the ordinary eye-piece so that the 8pectrasc303 
ion of an object can be pursued without any chang-^ 
3r of using the instrument. In a complete instrum ^ 
nee is attached to the side by means of which the js-msi 
be investigated may be compared with the spectra. ^ 




Fio. 78. 




The Sorby-BrownlDg Microspectroaoope. 

larlier researches with the microscope, Sorby illuminated the object to 
)y placing it in a spectrum formed on the stage of the instrument by a 
3 placed beneath. Huggins first pointed out the method of observing 
^ the light from microscopic objects by means of a slit and a prism 
le object-glass of the microscope. {See " On the Prismatic Examination 
Objects," Trans. Microscopical Society, May 10, 1865.) It is on thia 
he very convenient instrument described in the text is based.] 
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known substances : this apparatus consists of a small stage, a 
prism for comparison (§ 38), and a movable scale for measuring 
accurately the places of the absorption bands. 

Fig. 73 shows a perspective view of the whole instnunent, as 
fitted to slide into the upper tube of the micro&copo in place of 
the eje-piece ; Fig. T4 gives a section sbowing tlie internal con- 
etruction ; and Fig. 75 gives a section tlirough the plane of the 
two screws C and H^ exliibiting the slit with its eontrivanees for 
adjustment and the prism for comparison. 

The tube A encloses a second tube carrying a direct-vision 
system of five prisms e, and an achromatic lens I (Fig. 74) ; by 
means of a milled liead B, with screw-motion , this inner tube 
can be moved up and down, so that the slit situated in the plane 
of the screws C and H may be in the focuB of the lens I ; conse- 
quently the rays from tlic slit, after passing throiigli the lens, fall 
parallel on to the prisms. 
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t side, %ifter its passage through the liquid, 
pening in the middle of the stage, whence, as 
passes through a side opening o into the insid 
tube, and fidls upon the reflecting prism R, ^ 
a for comparison. When the apparatus for co 
[uired, the square opening in the stage D D is oi 
plate by means of the screw E, so that the si 
hut out of the instrument. 

'5 gives a section through the plane of the slit; Xz 
^s C and H. The piece n is fixed, while m is 
I of the screw H and an opposing steel sprLn 



:» 3, 





Adjostments Dnt the Slit in the Mlorospectroaoope. 



widen or narrow the slit. Close over the slx^^ 
plate J?, which is moved backward and forward >>^^^ "*^ 
.nd a spring acting against it, thus enabling tha ^;j • ^-i>. 



ened or shortened. The reflecting prism E co-^^ 
he slit ; if this slit be open, and the light fro^^^-^ "^"^ « 
comparison fall from the side at o upon the P^ii^>-^^ ^i^^ 
3 reflected back, and be thrown upon the syst^^^^,.^ ^^^ 
together with the light coming tlprough the opex^ ^^^:^ 

fc from below (Fig. 74). In this way two spect:rr^ '•^'fc 

in juxtaposition, one produced by the light p^^ ^-**^^ 
he tube G, the other by the light which has i-^ "^"^-^T 
3d through the known liquid upon the stage D D^ ^^^> 

ler to use the microspectroscope, the tube A, witl^ ^-^^ 
ust be removed, and the tube G inserted into tho ^^^ 
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pieco tube, so that the slit at the eye-end shall bA parallel to the 
inner slit.* The object-glass required is then screwed into the 
lower part of the microscope, the object the spectrum of which 
ia to be investigated laid upon the stage, and illuminated accord- 
ing as it is transparent or opaque with a loirror from below, or 
by means of an achromatic condenser from above, and the focus 
adjusted in the same manner as for an ordinary microscopic in- 
veetigation, so that the enlarged image may be distinctly seen. 
For this purpose it is requisite that the slit, by means of the 
screw H, should be opened wide. The tube A, with the com- 
pound prism, is then replaced, its position regnlated'wit* regard 
to the slit by the screw B, and the width of the slit adjusted 
until a well-defined spectrum is obtained. As each portion of 
tiic spectrum possesses a refrangibility peculiar to ItseK, the 
prisms must, for the delicate absorption lines, be specially ad- 
justed tor each dark line. It need scarcely be remarked that in 
theseinrcstigationa the lowest possible powers are employed. 

V> hen the substance to be investigated is to be compared 
wul. t le spectrum of a known substance, the stage D D is em- 
Sri M *'^"."''^"'^^' described. If it be nsedlS daylight, the 

^^^S^rS^-^^ -t2;^V^ - any ^s^on 

by another ^^hW.^ "" '^"^^ ^ » removed and replaced 

-ans of the''se';:ew'^ whUe^tVo'n^, T ' T''" -^^^ed^y 
«n opaque glass plate rf, on v^SilTn^ f contnv^mce by which 
liaa been photographed ma vi« 1^ transparent luxe or cross 

the -ieroLterJcrt M CcL^^^^ \^?"*'? ?^* ^-^-^^ V 

motion measured. In front ^fl ^^' ^^^' ""^ *^® axnonnt of 
placed a movable mirror S, whLb S^^"^? ""l*?^ *^^® « « " 
^•hether daylight or WlSi /^^°*1 '^^ ^^^\ ** receives, 
turning the micrometer-serew M ^i? v ^^ ^^ ?^**® *^' % 
the 'glass plate is thrown into tb J¥'^V?°f°''^®*^ tlirough 
* FMr R^ ■ ^^ *"^^ A A, in the form of a 

[Mr. Broking now waka the iaatr,.» ■«■ "l Ol a 

Blrt, m that the eye-oap a«y be pUwed in^**""* '^«' « ''""^ »Perturo instead nf . 

*"y position J " 
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le, and the lens e adjusted to such a position as "fc-^:: 
e of this line upon the upper surface of the ^r^^g^ 
presenting an angle of 45*^, whence it is reflect;^,^^ 
of the principal tuhe, and reaches the eye at "t^^:^ 
lie spectrum.^ A bright line or cross is thus ft^^ 
rum, and it is not oidy easy, by turning the mio:^ 
to place the bright line precisely upon any a.1:>.g 
also to measure accurately the relative distances T 
Knes in the spectrum by means of the divisior:^ 
ter. 

' • Fio. 76. 




^^■T>ti. 



o:e 




Micrometer for me&siiriDg the AbBorption linee. 



•der, however, that the results given by various j 

ay be compared, these divisions must not be arbit;;^^ ^"fc^t? 



s already been mentioned (p. 62), and wiU be i^a^ort^^^ - - 
into in Part III., that the solar spectrum, and. «-^_^^^^tl^ 



>^^ 



the spectrum of daylight, is not continuous, but i^ 
rossed by numerous dark lines of varying iiit:< 






irk lines always occupy the same place in the So^^^"^*^^ 
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color in the spectrum, that is to say, each line is produced by the 
absorption of one and the same color, or by light of the same re- 
frangibility, whatever may be the composition or angle of the 
prism. It is most; advantageous to select the darkest lines in the 
solar spectrum to form a scale for dividing^the screw-head M of 
the microspectroscope. 

For this purpose Browning divides the screw-head M into a 
hundred equal parts, and determines the divisions of the scale for 
every instrument by a previous trial in which bright daylight is 
admitted from below through the slit and the tube G (Fig. 73), 
and these divisions are successively marked off by tfce ilj^cator 
on the screw-head whenever the bright line of light (Fig. 76) is 
coincident with the individual dark lines of the solar spectrum. 
The dark lines are then drawn in accordance with these num- 
bers upon a spectrum about five inches long, which is divided 
into an arbitrary number of equal divisions, as represented in 
the upper half of Fig. 77. By means of such a spectrum, the 
position of the absorption bands of any liquid may be determined 



Fig. TT. 




Scale for the 



always produces the dark Knee of tho T*"""'. "''''^ ^^l^^' 
might easUy be confosed witW^ Z ^''^'^ spectrum, and these 
^y neces^r^, whenlark W^^ absorption luxes. In fact, it is 

of/substan5'tob4X W ofT.'^'T** '■ *^ ^^''"^ 
mg me Jme of l,ght in the micrometer upon 
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um (Fig. Y6), and place it by means of the sex* 

je with the absorption lines to be measured^ 

le number upon the divided screw-head. T*T1 

off for the various lines need only be comjpr^n 

)ns of the scale of the normal spectrum, in or<i^ 

', once the position of these lines in the sped 

i^estigations. Should a more complete repro 

)rption spectrum be required, it is only nec< 

the lower half of Fig. 77, to draw the lines s^^ 

nbers read off on the micrometer screw-heaci 

furnished with the scale of the normal spectrtun^::^ _ 

J seen at the number 96 in this lower spectnriQ^:^ 

i that an absorption line was seen at this spo^ 

t. If, instead of the line of light a bright c^::»7-^^;^ 

3oint formed by the intersection of the lines iia. i::>i 

Idle of the absorption line, or, if it be a band, n. j> — ^^ 

ccession. 



2^^ 
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Via. T8. 
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AbBorptkm Bands of Human Blood. 



who wish to enter more minutely into if^vesti^^^ ^ 
d will do well to begin with various solutions of "j^ j "*'^^- 
^er, aniline red, fresh solution of permanganate c>^ ^^H:> 
'h other similar substances of highly absorptive J>o.^^ 
• 78 are shown the absorption bands of human ]^j ^^::*^ 
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as given by Stokes j it will be seen how greatly they vary in the 
same siibstanco according as it is subjected to changes or mixed 
with other bi>die8. All four spectra are the absorption spectra 
of human blood: No. 1 is that of fresh scarlet blood; No. 2, that 
of deoxidized blood (cmorine). By the action of an acid on blood 
the cmorine is converted into hsematin, which gives a spectrum 
showing an entirely different set of bands ; and hffimatin can 
^m be oxidized and reduced, until it exhibits the dark bands 
shown in Nos. 3 and 4. 

While Iloppe-Seyler and Valentin are ah-eady actively en- 
gaged with the absorption spectra of those substances whi«h play 
an important part in physiology and pathology, Sorby has de- 
voted hmiself to the investigation of articles of commerce such 
Z.^r\^ ^T~^ ascertain its age, as well as to detect the 
adulteration m food, such as beer and vvme, mustard, cheese, 
iu^lZ- r ^P^*™^, »°»ly«i« has thus opened a wide field of 
zoolnLTr V^^. P^y«'°^««i«t. the physical, the botanist, the 
Sfen' nthir^'*' "'.**'" technolo^gist, a^d the labors' un- 
yieMed v.XaSe"^"r '^^^^^^^^ <>' -- ^-ve already 



iillll>i(l' 



38. A380EFn0N OF LlOHT BY GaSES. 

particular rava; and whfle or. 5. ^^^orptive power upon any 
liquid bodies'whSy Iwb ir^^' ^"^^^^'^-^^ Bolid and 
others, thus producing Se a^T^"?' 'T' '^'^^«''*^«ly ^^^^^^ 
times over whole ^uW !^f^°T>^^ ^ands that extend some- 
colored gases, differing from K^v"" *^® continuous spectrum, 
bands, which, like black W J ' ®^^^'* ''"^^ narrow dark 
color in the continuous spectiSm"*^^"® °^* unfrequently every 

For the exhibition of th^'.K .- 
globe (Fig. 79) is employed arT ^^fO'Ption phenomena a glass 
ble of being closed at both ^^°^^ polished inside, and capa- 
vapors for exammation ar^ i^ J*^ ^^^^ °^ P^**® S^ass. The 
opening; but, if it be desiHiwl ?,?'''*'* '""^ *® S^**^ ^7 a'"<ie 
mg the investigation, the snl.!/ *^®^ ^^""^'^ ^® formed dur- 
ttient can bo placed in the v i"^ ""^^^ ^""^ *^®*' develoiv 
vaporized by a careful annli^n*- 3*^ removing the cover, and 
*PPh«ation of heat. The globe xnn^t be 
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imediately before the prism, or close in front o-: 
DBctroscope, and in such a position in the p^^ 

they may pass through the inside of the sphexr^ 

to the glass plates covering it. 






Fio. 79. 





Glass Globe for Absorbent Yapors. 

Jiibit the absorptive properties of nitrous-acid 

le, the electric lamp or Drummond's light musfc" -^ 

nd the continuous spectrum of white light thro^v^^^^-^^ 

n in the manner described in § 19, Fig. 34. If t:^^^^ ^^X^^ _ 

h the red vapor of nitrous acid * be placed in :^i^ ^^^^^Tt^f 

Q in the position abeady described, the spectirxz^^i ""^^ 

rossed by a row of dark bands, the violet ea<J^ -m^ 

iisappeared. By increasing the heat of the va-p.^^^^^^ 

aduaUy become stronger, while new dark bandit *^xxi 

pear, until at last, when the temperature has r^^^ -^^^ _ 

imit, all the colored portions of. the spectrum ^^^ -*^^<:i ^y^ 

nd not a ray^f the electric light is able any l^z^:^-^^^ ^ ^li>^ 

5 the vapor. Brewster carried the process so f^.^^^*^-^ "^^i:^ 

increase of temperature as to render the gas ^^^-^ ."3^ .^^ 

3ven to the power of the sxm's rays. The abs^^^-^ -"^^^l -^^ 

of this gas is showa in Fig. 71, No. 4 (Fronts '^^■^^^^r>^ 

ne pieces of iodine be placed in the globe and ^j^ 
rapor is produced, through which the electric li^l^^ ^"^^c^ 
to pass. The phenomena which are then seexx 



rom those before exhibited; by slightly widerti^-^ 



ge piece of the spectrum, from the beginning of t:!:^^'^ ^'^'^^ 

ipor is obtained in the simplest and most oonvenient manner b^ ^.^ *^ ^^i--^ 
ad, a process which may take place either in a separate yessel op ^^^^ ^ ^^^ t 
globe itself. 
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low to the blue, appears to be cut out, and, if the slit be contract- 
ed to obtain a purer spectrum, this broad dark belt resolves itself 
into numeruuB fine dark lines, which are seen to cross the whole 
of the epectrmn from red to the beginning of blue. If the ab- 
sorption spectriun of the vapor of iodine be examined in a test- 
tube glaes by means of a spectroscope, the whole of the orange 
and yellow will be seen crossed by a great number of fine black 
lines, which become so numerous in the green that they can 
scarcely be separated one from the Other, and appear to form a 
shaded baud (Fig. 71, No. 5). With instruments of high magni- 
fying power these dark bands are resolved into very fine lines, 
increasing in nnmber and intensity toward the middle and dark- 
est portions of the bands. 

Other colored gases yield similar absorption spectra, particu- 
larly the vapora of bromine, hydrochloric acid, perchloride of 
manganese- also, according to Morren, of chlorine, etc., while, 
on the contrary, there are other vapors, such as those of sulphur 
and Bdenmm which, although colored, do not occasion any ab^ 
aorption bands in the spectrum. 

a.rA'^T'^ vapor also exercises an absorptive action upon light, 
the r;Ti'^ ^'ir ^^^ noticeable in the sp^nu/of 

^CZiLT^r T.r?.'^f T"'^^ ^^ '^' ^^^'^^y bodies, 

•A* me oiflcuflsion ot the solar spectrum in Part III. 

39. Relation BE:rwEEN the Emisbiok and the Absobb^on of 

Ijqht 

Bio.n„r condition, and ST^e^^^Jf * *^J ^^ f^^^ ^ ^ 
quantity of the light felling !J, !t ^ "^^^ ^ ^"^"^ S^*^"" 

even the whole of ifr—throutwi, ^"""^ '^'^^ circumstances 
to their ponderable atoms • wL ^^^^^^^ ^^ *^e ether-vibrations 
jnst those substances that'owJ^^' T^^®^' ** ^ remembered that 
and in the fiiJlest qnantitv^^ i ^'*^ '^® greatest facihty, 

Aarf from without or ablUin • ^^ ™°** capable of receiving 
there must be an intimateT^ ^*' *^® thought is suggested that 
tween the power of a hnA^ 4.^ .®°^*'°' » certain reciprocity be- 
a body to emit light (emission) and to absorb 
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tion). That the temperatnre of the substaixc^ 
on tliiB relation between its emissive and 
proved by the phenomena of the gas-spectra of 
ad tliird order (§ 31), as well as by the variety 
era exliibited at different temperatures by the 
A. century ago* the eminent mathematician and 
liis '^ Theoria lucis et caloris," enunciated tho 
y substance absorbs light of such a wave-lengtddT 
li tlie vibrations of its smallest particles. 
;d in liis work on the spectrum of the electric li^ 
1.849, that owing to the impurity of the carl>^3> 
se yellow sodium line appeared, and was chaxizi. 
ine ^wten sunlight was transmitted through th. 

agstrom gave expression as early as the year ISS 

aw tliat a gas when luminous ermts rays of ^^^^^5^,^ 
rangibUUy aa those which it has power to (Aso^^^^ ^^ 
•rds. tbat the rays which a substance absorbs a/r& 
ich it emits when made sdf-^l/wrrmious.* 
ill these fects remained isolated, and there was y- 
comprehensive grasp of a general physical 1^ 

report to the British Associatito for the Adyancement of Sciez^^ 

ur Stewart wrote : " In connectioD with this subject it may no-^ 

troduce the following extract of a letter from Prof. W. ThoixiA^^ 

dated 1860. Pro£ Thomson thus writes : * ProfT Stokes mentl^^. 

Ige some time ago, probably about ten years, that Prof. Miller ]^ ^^ 

b testing to a very high degree of accuracy the agreement of -^^^i!^ ***^»^«^ 

> of the solar spectrum with the double bright line constituting 14^^^^ ^ ^o *» 

it-lamp burning with salt. I remarked that there must be sc^:^:^^ ^^^c^«i 





^«>*»^ 




^=2^:^ 



I between two agencies presenting so marked a characteristic ^^^ 
id, and said he believed a mechanical explanation of the cau^^ 
ne such prindples as the following : Vapor of sodium must pa^^ 
structure, a tendency to vibrate in the periods corresponding to -tCt^ **^» 
ibility of the double line D. "Hence the presence of sodium in ^^ ^ ^^ 
; tend to originate light of that quality. On the other hand, yapo^ ^^^^x*o 
osphere roimd a source must have a great tendency to retain otx ^.^ ^ ^o^ ^ 
and to have its temperature raised by light from the source of t^:!^^^^ 5 ^"^^^^>. 
I question. In the atmosphere around the sun, therefore, th^j*^ ^ l>^*^ '^ ^^^^ ^ 
ipor of sodium, which, according to mechanical explanation thxia »» ^^^^^^^-fc *^^i 
ticularly opaque for light of that quality, prevents such of it %^ i ^^^^^ ^^«^ 
3un from penetrating to any considerable distance through the bi^»^^ ^*^*:*3 ^ 
re. The test of this theory must be had in ascertaining whetl^ ^*^^^i 
sodium has the special absorbing power anticipated.*'^ In tbe 






^^^^^ 



lUBt also be considered the experiments on the properties of *^^5_^*"*^* 
cated m 1860 by Prof. Balfour Stewart to the Royal Society.] ^^^^t; 



-^^* 

••^S'^ 



Digitized by 



Google 



144 



SPECTRUM ANALYSIS. 



wliich the individual phenomena could be arranged. It was re- 
served to Kirchhoff to discover this law, and to establish trium- 
phantly its truth, not only by mathematical proof, but also in 
many striking instances by experiment. 

Li the year 1860, he published his memoir on the relation 
between the emissive arid absorptive powers of bodies for heat as 
well as for light, in which occurs the celebrated sentence : " The 
relation between, thejpower qfemdssioncmd thejpowerqfcAsorption 
of one o/nd the same does of rays is the same for aJZ bodies at the 
same temperature,^^ which will ever be distinguished as annoxm- 
cing one of the most important laws of Nature, and which, on 
account of its extensive influence and universal application, will 
render immortal the name of its illustrious discoverer. 

40. Kevubsal of the Spbotra of Gases. 

From Kirchhoff's law it follows as a necessary consequence 
that gases and vapors in transmitting light absorb or impair 
precisely those rays (colors) which they themselves emit when 
rendered luminous, while they remain perfectly transparent to all 
other colored rays. Luminous sodium-vapor, for example, gives 
under ordinary circumstances a* spectrum of one bright-yellow 
double line; it emits therefore this yellow light only. If the 
white light of the sun, the electric arc, or the oxyhydrogen-lamp 
be allowed to pass through the vapor of sodium, lie vaj or will 
abstract or extinguish from the white light just those yellow rays 
which it emitted when in a luminous state. While .the greater 
part of these yellow rays are absorbed by the sodium-vapor, all 
the other raya-^the red, orange, gi*een, blue, and violet^pass 
through unimpaired. 

The mode in which Kirchhoff conducted his experiments, 
which admit of certain and easy repetition by means of a direct- 
vision spectroscope, is shown in Fig. 80, where the apparatus is 
arranged in the same way as for the exhibition of the absorption 
spectra. L is an oil-lamp, the white light from which is decom- 
posed into a continuous spectrum of every shade of color by the 
prism of the spectroscope S (p. 84). After the eye-piece of the 
telescope and the slit have been so adjusted as to exhibit a 
distinct spectrum, there is placed close in front of- the slit « a 
glass-tube N, from which the oxygen of the air has been expelled 
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by the intxoductioii of hydrogen gaB, and in which are laid some 

* pieces of metallic sodium. The glass tube is heated by means of 

the spirit-lamp or gas-flame G, and part of the sodium is converted 

into vapor ; a dark line soon makes its appearance in the bright 



Fia. 80. 




Beyenal of the Bodtmn Line (seen with the Spectrosoope.) 



yellow of the continuous spectrum of the oil-lamp precisely in the 
place where the sodium-vapor when rendered luminous by heat 
shows its yeUow line. For proof of this it is only necessary to 
replace the sodium-tube N by a spirit-flame in the wick of which 
some common salt (chloride of sodium) has been rubbed, and to 
screen the light of the lamp : the luminous sodium-vapor pro- 
duces the yeUow line precisely in the same place in which the 
yellow light was before absorbed from the continuous spectrum 
and the dark line formed. 

The optician Ladd furnishes strong glass tubes half an inch 
in width, closed at both ends, and filled with hydrogen gas and 
a small quantity of sodium. On being slowly and gradually 
heated, the sodium becomes vaporized. K such a tuba be held 
vertically close in front of the slit 8, and the white light of a 
lamp, or what is preferable the light from incandescent lime, be 
allowed to pass through the tube containing sodium-vapor before 
entering the slit «, a dark line is visible precisely in the place of 
the bright sodium line. By the use of a spectroscope of strong 
dispersive power the bright sodium line does not appear as a 
single but as a double line : accordingly^ in such an instrument 
the dark absorption line ot sodium-vapor appears double, and 
both these dark lines occur precisely in the place where the two 
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bright sodium lines are found when the light from sodium alone 
fells into the spectroscope. 

In the same way, by employing the vapors of lithium, potas- 
sium, strontium, and bariimi, Kirchhoff and Bimsen extinguished 
from a continuous spectrum precisely the same bright colors 
which these vapors emit when luminous. Luminous lithium- 
vapor (Frontispiece No. 3) gives a spectrum of one inteilse red 
line and a feinter orange one ; lithium-vapor absorbs also just 
those same colors from white light sent through it. If Kirch- 
hoff 's experiment be repeated with lithium in the same manner 
(Fig. 80) as already described with sodium, ^wo unequally dark 
lines will appear in the continuous spectrum of the lamp-light 
precisely in the same places where the luminous lithium-vapor 
showed the two bright lines. 

The important result of these investigations is therefore 
that the characteristic hrigJvt lines of sodium, lithium, etc., are 
changed into dark lines when the intense white light of incan- 
descent solid or liquid bodies passes through the vapor of these 
metals. The spectrum of luminous sodium-vapor is a bright 
yellow (double) line, the rest of the field in the spectroscope 
remaining dark ; the spectrum of an incandescent solid or liquid 
body, after it has passed through sodium-vapor at a lower tem- 
perature than itself, occupies, on the contrary, the whole field 
with its brilliant colors excepting only that one place in which 
the dark sodium line is found. As therefore the bright lines of 
gas-spectra are converted in these experiments into dark lines, 
while the dark parts of the spectrum are changed into brilliant 
colors by the continuous spectrum of the white light, the entire 
gas-spectrum seems to be reversed in respect of its illumination : 
for this reason the phenomenon has been called, after Kirchhoff, 
" the reverscil of the ^pedjrwmP 

It has been fully proved by Kirchhoff that the difference 
between the temperature of the incandescent solid or liquid 
body giving the continuous spectrum, and that of the absorptive 
vapor through which its white light passes, exercises a great in- 
fluence upon the reversal of the spectrum, and that the whole 
phenomenon rests upon the relation existing between the emis- 
sive and absorptive powers of the vapor, which relation is deter- 
mined by the difference of temperature. The reversal experi- 
ments, therefore, succeed only when there is a great difference 
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of temperature between the incandeBcent solid body and the 
j^bsorptive vapor, and they will sucjceed all the more certainly 
the higher the temperature is of the incandescent body, and the 
lower that of the reversing vapor. The light of the sun, the 
electric arc, Drummond's lime-l^ht, or a glowing platinum wire, 
may be employed in place of the lamp (L, Fig. 80). If, instead 
of the *gla88 tube filled with hydrogen and sodium, etc., firee 
sodium-vapor be employed, such as can be obtained by heating 
metallic sodium in a flame, this flame must not be of a high tem- 
perature. The temperature of the Bunsen burner, or even of a 
spirit-lamp, is too great as opposed to the heat of the oxyhydro- 
gen lime-light ; for this purpose the moderately hot flame pro- 
duced by spirits of wine, diluted with as much water as it will 
bear, is sufficient, when with the addition of a little common 
salt, the sodium line in a good spectroscope, with a suitable open- 
ing of the slit, will appear black upon the colored ground of the 
continuous spectrum of the lime-light. If the white light of the 
electric arc, with its far greater heat, be used to form the contin- 
uous spectrum, the reversal of the sodium and lithium lines may 
be produced by volatilizing these metals in the flame of the 
Bimsen burner. 

For the exhibition of the reversal of the sodium line on a 
screen, the glass tube above mentioned containing hydrogen gas 
and sodium is not well suited, as the^ sodium-vapor is not dense 
enough, and soon stains the sides of the glass; but, if the electric 
arc be used for the white light, the sodium-vapor may be pro- 
duced by means of a gas-flame. 

For this purpose the carbon-points shoidd be previously moist- 
ened with a weak solution of salt, and allowed to dry again. 
If a continuous spectrum some three feet long be formed by the 
electric lamp and prism in the usual way, the bright sodium line 
is seen passing through the yellow, the position of which may be 
noted by making a mark m at the side. The small amount of 
sodium adhering to the carbon-points soon evaporates in the heat 
of the electric light, and the yellow line is extinguished. The 
gas-burner G (Fig. 81) is now placed before the slit of the electric 
lamp E; so that the rays of the incandescent carbon issuing from 
it must pass through the flame G. Before adding the sodium to 
this gas-fliame, a perforated screen S of pasteboard is placed in 
front of the lens L, in order that the large screen on which the 
11 
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Bpectmm is formed shall be protected from the mtense yellow 
light of the burning sodium : none of these preparations ezertj^ 
the slightest influence upon the continuous spectrum rvv^r^ on 
the screen. A piece of sodium the size of a pea is plac^ in a 
platinum spoon 2, and brought into the gas-flame; the sodium 



Fio. 81. 




BeroTMl of the Sodioin Liiie.-Hr>*(4Mtod <»i a Screen.) 



ignites, and forms a densp cloud of vapor through which the 
rays of the electric light must pass. On the screen is seen a 
stripe D of intense blackness, precisely in the place marked m 
where the bright sodium line before appeared ; the sodium- vapor 
has, partially at least, absorbed or extinguished from the white 
light of the incandescent carbon the yellow light of the same 
degree of refrangibUity as the sodium-vapor emitted. If the 
sodium be withdrawn from the gas-flame, the black line imme- 
diately disappears from the screen ; if it be reintroduced, the 
black line again appears precisely in the same place. The sodium- 
vapor therefore absorbs the same light, that is to say the same 
colored rays, which it emits in a luminous state. 

The instructive experiment of the reversal of the sodium line 
may be made in another way, which is not less fitted than the 
preceding one to give a clear illustration of certain phenomena 
of the solar spectrum. For this purpose the lower pole of the 
electric lamp is replaced by a cylinder of carbon lialf an inch 
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thick, the upper snrjGace of which, slightly hollowed out (Fig. 82), 
^ oontains a piece of sodium the size of a pea. The Bonsen burner G, 
and the pasteboard screen S, are removed, while the lens L, 
the prism P, and the large screen, remain undisturbed. To pre- 
vent the intense incandescence of the carbon, and the conse- 
quent appe^france of the white electric light, the two poles are 
separated after the first contact somewhat wider than is usual 
(rather more than -^ of an inch) : only a faint continuous spec- 
trum is formed, and the lamp emits only the intensely yellow 
light of the burning sodium. As soon as the electric current 
passes, the sodium begins to glow strongly, and a single band of 

. rxa 82. 




YoIatUizatioD of Sodinm in the Electric Llgfat 

brilliant yelftw about two inches wide is seen upon the screen, 
which is the spectrum of the luminous sodium-vapor. But in a 
few seconds a sharply-defined deep-black line about an inch wide 
appears in the middle of this yellow band, while the remaining 
portion of the color fades away. The bright-yellow sodium line 
has become changed into a dark line, which continues as long as 
the combustion of the sodium lasts. 

In this case the reversal is easily explained in the following 
manner : The sodium becomes first intensely heated, and its va- 
por emits its yellow light ; immediately afterward^a great portion 
of the sodium is converted into vapor by the great heat of the 
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electric arc, and en/odops ihs small Iwndruyus portion about the 
sodmm m a dense cloud of rion^lAjmvmoua 9odi'WmrV(»por. The 
yellow light of the small luminous portion of the sodium-vapor 
must pass through this large cloud of sodium-vapor of a lower 
temperature, and is absorbed by it before reaching the slit of the 
lamp. We may repeat the conclusive inference : The vapor of 
eodvum absorbs precisely the same light ihat hmdnous sodmm- 
vapor ermts. 

Without employing either the electric or Drummond's light, 
this phenomenon may be exhibited by the following simple but 
ingenious- contrivance of Bunsen's: It consists (Fig. 83) of two 
bottles, A, B, containing zinc and common salt, and both nearly 
jBilled with a very diluted solution of hydrochloric acid. Each 
bottle is closed with an India-rubber stopper pierced with two 
holes, one of which in each stopper serves for a gas-burner of dif- 
ferent construction. 

In one hole of the lamp A is a bent glass tube h for the intro- 
duction of coal-gas from a common-gas pipe ; in the other opening 
is the tube c, which is narrowed at the top, serving for the escape 
of the gas. The other lamp B is fitted up in the same manner 
as A, with the exception that the escape-tube </ is bent and ter- 
minates in a much smaller opening. 

Over each of these glass tubes c and c' is a burner constructed 
of tin-plate, which can be moved up and down. The burner d 
of the lamp A is cylindrical below, and spreads out above in the 
shape of a fan, so as to form a narrow and somewhat arched slit 
of about an inch in length. The burner e of the lamp B is cylin- 
drical throughout, and is covered with a conical-shaped chimney h^ 
which slides up and down the tube e. As the top of the chimney 
has an opening only an inch in diameter, which ^n be still 
farther diminished by the addition of another cover with a yet 
smaller aperture, the gas when ignited forms a conical-shaped 
pointed flame d^ which can be reduced by means of the stopcock 
of the gas-tube to about an inch in length. The flame g of the 
lamp A, on the contrary, is very large and broad, owing to the 
size of the emission-tube <?, and the compression of the wide 
burner df and presents a luminous surface of some extent. 

The bottles are used for the purpose of mixing a little com- 
mon salt (chloryie of sodium) with the hydrogen gas formed by 
the action of the diluted hydrochloric acid on the zinc. The 
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hydrogen gas as it riees mixes with the coal-gas, and carries the 
chloride of sodium into both flames, producing in this way the 
brilliant-yellow light of sodium-vapor. 



Ftak88. 




Bonflen^s ApparatoB tor the Abeoiption of fhe IJgfat of Sodhun. 

Both lamps are placed very near to each other, so near in- 
deed that, as shown in Fig. 84, the flame g of the lamp A serves 
as a background to the lamp B. In this position the small flame 
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dy notwithstanding the brilliant light of the flame g immediately 
behind it, appears quite dark and smoky, indeed almost black, 
when all conditions are fskvorable — the burner and chimney 
rightly placed, and the supply of gas suitably adjusted. The 
heat-flame g emits with intense brightness the light of sodium ; 
the small sodium-flame d in firont of it absorbs these rays as they 
pass through it ; and, as it is much less luminous than the flame 
^, it appears dark by contrast with the bright background. 



Fro. 84. 




Abeorptkni of the Bodiam-Fkine. 



Desaga, of Heidelberg, the constructor of this apparatus, has 
lately much simplified it by uniting the two burners, and fixing 
the common supply-tube by means of a single stopper on to a 
larger bottle. 

The experiment of reversal may be easily shown by the use 
of a spectroscope in the following manner : The instrument ft so 
directed on to a spirit-lamp that wfien a grain of salt is dropped 
into the fiame a well-defined spectrum consisting of the" well- 
known yellow sodium line is formed. The flame is then brought 
dose in front of the slit, and a piece of newly-cut metallic 
sodium, the size of a pea, is placed over the flame in a wire net- 
ting. The flame cannot pass the wire, yet the sodium begins at 
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once to bum, and the brilliant-yellow sodinm line is seen in the 
spectroscope: very soon, however, a black line appears in the 
same place very sharply defined against the bright background. 
Here also the brilliant luminous vapor of the burning sodium is 
enveloped in a dense cloud of feebly luminous sodium-vapor which 
completely absorbs the greater part of the yellow sodium-light. 

We can now readily predict what appearance will be pre- 
sented in the spectroscope if the light of an incandescent solid or 
liquid body, before entering the slit of the instrument, pass 
through a less highly heated atmosphere of any kind of vapor, 
such as -that of sodium, lithium, iron, etc. The incandescent 
body would have produced a continuous spectrum if its light had 
sustained no change on the way; but in the vaporous atmos- 
phere through which its tsrys must pass, each vapor absorbs just 
those rays which it would have emitted if luminous, thereby 
extinguishing these particular colors, and substituting for them 
dark bands in those places of the continuous spectrum where it 
would have produced bright lines. The spectroscope shows, 
therefore, a continuous spectrum extending through the whole 
range of colors from red to violet, but intersected by dark lines ; 
the sodium line, the two lithium lines, the numerous iron lines, 
etc., appear on the colored ground of the continuous spectrum 
as so many da/rk lines. 

Spectra of this kind are evidently absorption, spectra; they 
are also called reversed or compound spectra. If a complete com- 
cidenoe can be established in such a spectrum by means of either 
a prism of comparison (§ 28), or a scale (§ 25), between the char- 
acteristic hright lined of the ga&-spectrum of a certain substance 
with the same number of darh lines, the conclusion may be ad- 
mitted that, in the absorptive atmosphere which has produced the 
dark lines, the same substance is contained in a condition of 
vapor. The wide influence which this result of Kirchhoff 's dis- 
covery has on the investigation of the physical constitution of 
the heavenly bodies, is shown by the consideration that, as the 
various substances of this earth can be recognized by their simple 
gas-spectra, so the reversed gas-spectra aflford the key to the 
recognition of the matter of which the heavenly bodies are com- 
posed ; and, indeed, so important is the part which they play in 
the analysis of the stellar world, that we may well be excused if 
we linger a while longer on this subject. 
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The question will occur to every one on reflection — why, if 
the weak sodium-flame absorb the yellow rays from the intense 
white light that passes through it, do not the yellow rays of the 
flame itself again replace the yellow sodium line ? A somewhat 
. closer investigation of all the influences at work will not only 
give materials for fuUy answering this inquiry, but afibrd the 
means also of clearly explaining the cause and true nature of the 
dark lines. 

Let I designate the intensity of the white light of the incan- 
descent solid or liquid body, taking the electric light as an ex- 
ample, i that of the absorptive flame, which, for the sake of 

sunplicity, we will suppose to be a sodium-flame, and - the pro- 
portion between the absorptive and the emissive powers of this 
flame — that is to say, — is lost by absorption from the total in- 
tensity. K then the white light I pass through the sodium-flame, 
and suffer a loss in intensity by absorption of — , there will be in 

the place of the spectrum where the sodium line appears, which 

I 
we will call D, an amount of light equal to I vi* The 

amount of absorption - diminishes the intensity of the spectrum 

at the spot D, but the intensity of the sodium-flame will to a 
greater or less degree supply the deficiency. K the amount of 
the absorption were precisely equal to the intensity t, the inten- 
sity of the spectrum at the spot D would be just as great as that 
' of the neighboring parts, and there would therefore be no inter- 
ruption of the spectrum ; there would neither be a dark line nor 
a bright line visible. K the intensity i of the sodium-flame be 

greater than the absorption -, the brightness of the spot D in. 

the spectrum would be greater than on either side of it, and 
there would appear at this place a bright-yellow sodium line, 
although the white light had passed through the absorptive flame ; 
the reverse will be the case if the intensity i of this flame be less 
than the whole absorption ; the brightness of the spectrum at the 
spot D will then be less than that of the surrounding parts. 
In the last case, however, this want of light will appear as 
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a shadow by contrast with the brightness of the neighboring 
places, and the usual bright-yellow sodium line will seem to be 
a dark line. 

It will be seen Airther, £rom this investigation, that in the 
places where the dark absorption lines appear there is by no 
means a total absence of light ; therefore these lines should not 
be described as quite black ; but, in contrast with the surround- 
ing brilliancy produced by the full undiminished light of the 
incandescent solid or liquid body, these lines cuppea/r quite black 
even when their brightness exceeds that of the absorbing vapor. 

The whole action of the reversal of a bright spectrum line 
into a dark one rests on the proportion between the absorptive 
power and the compensating emissive power in the absorbing 
vapor : the greater the absorptive power, and the less the emis- 
sive power, further, the greater the light of the incandescent 
body, so much the darker will the reversed lines appear 
to be. 

The following table will serve to elucidate the foregoing re- 
marks, by giving four examples for the sodium line : 



Ko. 


Thelnton- 

White U^ht 
kcaUed 


The Inten- 
sity of the- 
Sodlnm- 
Flameis 


TheAhflorp- 

tlve Power of 

the Sodium- 

Va^rls 


helbre 1 in behind 
the Sodium Line iB then 


The Bouium 


1 
2 
3 

4 


2 

10 

100 

100 


1 

1 
1 
1 


i 


2 

20 
100 
100 


8- i = 2i 
11- -^^ = 81 

101-^^=61 
10l-aja=26 


2 

10 
100 
100 


bright, 
dark, 
darker, 
very dark. 



In the first case, the place D is i brighter than the surround- 
ing parts of the spectrum, therefore it appears as a hrigJU sodium 
line. In No. 2, the brightftess of the place D is only equal to 8^, 
while that of either side is 10 ; it is therefore not so bright at D 
as at the side of D, and in consequence D appears dark against 
the surrounding parts of the spectrum. In No. 3, the contrast 
is still greater between the light at D 51 and that at the side 100. 
Finally, in No. 4, where the absorptive power of the flame is 
assumed to be }, the contrast between the strength of light, 100 
and 26, is so great that the line seems almost black. The in- 
tensity with which the yellow line of sodium and the red line 
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of lithium appear when these substances are heated in a Bunsen 
burner, warrants the conclusioi^ that these metals would also 
absorb with great power rays of the same refrangibility, and 
therefore the assumed absorptive power J, given in the last ex- 
ample, is considerably below the truth. 
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41. The Solab Spbotrum and the Fbaunhofbr 



rHE moBt brilliant example of a reversed spectrtL:*:^-^^ 
to say, a oontiauous spectrum crossed by dark ^=^~ 
les — ^is aflPbrded by the sun. If an ordinary spectro8c<:^-j 
th a telescope of low power, be directed to a bright ^^_^^ 
ther wide opening of the slit, a magnificent contin.^^:^,^-^"'!^ ^^^tl:^ 
im will be seen, exhibiting the most beautiful aix<3^ "K^^* ^I-^^ 
lors without either bright or dark lines. 5ut, if -fci:^^^ ^'^^"'^^^X^ 
rro wed so as to obtain the purest possible spectrum (^ ^-^x * lt> _ 
5 focus of the telescope be very accurately adjusted^ "fcj-^ -)> ^^^"^^^i 
im now much fainter, will be seen to be crossed by- ^^^ ^ ^X^^Ci-* 
dark lines and cloudy bands. K, by the use of sevo:r*:^j^ ^^^^^ V>^^j^ 
19), the spectrum be lengthened, and a higher >^^-^^^j^^^^^^>:xi^ 
;irer employed, these thick lines and bands will b^^^^^ "^-^^^ 
^ed into separate fine lines and groups of lines, wlii^-^-» 
rply defined and so characteristically grouped, th^^^f;^ .^^^ 
p of a scale they are easily impressed upon the Dae:r^^^-^^^" '•^ix 
:inguished one from another. "^^"^^ ^^t:i.ci 

As early as 1802 these dark lines in the solar flpeet;^^*^^^ 
n observed and described by Wollaston ; later, in 1-S ::j^^^^^ 
•e more carefully examined and mapped by Fraunj-^ ^^^^ ^Ix^ 
nich ; and, later still, by Becquerel, Zantedeschi, MattiV^^^^, ^-i^ 




'wster Gladstone, and others ; but their origin and xx^^^ — ^"^^^i:^ 
ned a myatery, notwithstanding the acutest reasaxL^^^-.^^'*^^ :^* ^ 
it painstaking researches of many able physicists, unti^ ^^ ^^*fc.«^ 
• made his splendid discovery in 1859. ^^^^^^^c^l:^ 
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Fraunhofer was able to distingxiish with 
certainty about 600 lines ; he found also that 
with the same prism and telescope they al- 
ways kept the same relative order and posi- 
tion, and were therefore peculiarly adapted 
to serve as marks for denoting the place of 
any single set of colored rays, and for de- 
termining the refrangibility of any particu- 
lar color. 

To facilitate reference to any of the in- 
numerable colors of the solar spectrum (Fron- 
tispiece No. 11), Fraunhofer, whose drawing 
is accurately represented in Fig. 85, selected, 
out of the great number he observed, a^A^ 
characteristic lines situated in the most im- 
portant places of the spectrum, which he des- 
ignated by the letters A, B, C, D, E, F, G, H ; 
of these lines A and B lie in the red, C in 
the red near the orange, D in the orange, 
forming a double line with a high power, E 
in the yellow, F on the borders of the green 
and blue, G in the dark blue or indigo, and 
H in the violet. Besides these lines, there 
is a noticeable group a of fine lines between 
A and B, and also a group S, consisting of 
three fine lines, between E and F. It was 
remarked even by Fraunhofer that the posi- 
tion of the two dark lines in the solar spec- 
trum, designated by him D, were coincident 
with the two bright lines shown by the light 
of a lamp, now known as the double sodium 
line. These dark lines of the solar spectrum 
have been called, after their discoverer, the 
Fraunhofer lines. 

After Fraunhofer, Zantedeschi, Professor 
of Physics in the University of Padua, de- 
voted himself to the investigation of the 
dark lines in the solar spectrum, upon which 
work he had already entered in the year 1846. 
He deviated firom Fraunhofer's method of 
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?^ation by introduoing the prism between two eo : 
; the slit was placed in the focus of one lens^ 
served to project the spectrum on to a screeix. 
) he constructed an apparatus which in all essen.t;m. : 
jd little from the spectroscope now in use.* The i 
3 destined to prismatic analysis did not escape tbi.^ 
f this physicist, since in his work "Ricerche fisic< 
giche sulla luce," f ^^ ^^s exprfesses himself iix 
3 significance of the spectrum : 
Che solar spectrum is the most perfect photoseo^ 
resent state of science can be imagined. lighit" 
y and registers with wonderful minuteness, the o] 
Lg in the constitution of a luminous body, or in tl^^ 
gh which the light passes. I therefore recomra^ 
ific investigator a oaTnera-obscura specially adapts 
scopic observations. I am convinced that such, 
will prove of the highest value, not only in th« 
but also in the departments of meteorology and 
, which in these days is commissioned to be the 
•e, may also become its own delineator, since it ij 
g new wonders out of the mystery of its being, a. 
bose constant changes which are taking place, _ ^^ 
lanetary system, but throughout the whole univexr^,^ ^^^^"'^^^ i- 
Y a careful investigation of the spectra formed by- -j^^ "*^ 
ent substances, it is found that the same colors ci^^;^ "^^^^^^i^ ^:>** 
the same proportionate space in each spectrum ^ -■^ot <:^--^ 
. of flint glass, for instance, there is proportionate!-^^ -^ ^l^'^^^-fc^ «Z* 
aore blue and violet than with a prism of crown gl^ 

er the difference between the refinctive powers ^:>:^*^* '--'^3k"* 

3 for the red and the violet rays, the greater wiXj -^^ ^Xa.V*. 




ice over which the colors are spread — in other 



A^»- 



or will be the dispersive power. The length of the 

The ingenioufl use of a coUimating lens, with the slit placed in 
I spectroscope is made so much more manageable, and without wt^^ 
nany of the recent applications of this instrument would have 
e, seems to have heea independently adopted by several observec-^ ^'^^ 
ime. Prof. Swan made use of this arrangement in experiments on ^w ^^ 
ion of IceUnd spar in 1847; and the distinguished optician, Mr. ^^^^ 
d a collimator, in place of a distant slit, at the suggestion of the ^^i^ 
ler Royal, in 184ft] *^ 

^enezia, 1846. Typ. G. Antondli. 
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depends Dsscntially upon this diepermon, and it is therefore not a 
matter of indifFerencc whether a prism of flint glass of crown 
glass, of water, or of bisulphide of carbon, be employed for pro- 
ducing the solar spectrum. ^ 

Fig. 86 exhibits clearly the various disper&ivc powers ot the 
different substancee, flint glass, crown glass, aud water. The 
spectrum \^btaincd by a flint-glasB prisiui is about twice the length 
of that given by a similar sized crown-glass prism, and nearly 
three times the length of that from a hollow glass prism of the 
same fomi filled with water. The spectmm produced by a prism 
of bisulphide of carbon i^ very much longer than that given by a 
flint-glass priein, and this even is surpassed by one obtained from 

oil of cHSBia. 

As the length of the spectrum is increased, the separation 
between the Frannhofer lines increases also, but by no means iu 
equal proportions^. K, for example, tlie speetrum i»f the flint- 
glass prism were exactly twice the length of that of the crown- 
glass prifcinij the distance bet%veeu any two dark lines, Y and B 




Bolar B^rtrum with PKhdib of Flint OUm, Crown QUm, and Water. 



for instance will not be exactly twice as great in the one Bpe<>- 
trum as m the other. In the water-spectrum F B = F H th« 
crown-gla.8 spectrum i« longer, but the various di^iaions formed 
by the Iraunhofer Imea have not increased in equal i>ro™^^» 
In the water-epectrum P B = F H. while in^the "S^C-gC 
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spectrum F B is somewliat smaller than F H ; by 

prism, therefore, the blue and violet end is rather ferth^: 

in comparison with the red and yellow end than \>y 

prism. 

This difference is still more obvious in comparixx 

spectra of the water and the flint-glass prisms witln. 

deviation of the light corresponding to the lineB ; tK^ 

in the proportion of F B to F H is smaller in tho 
spectrum than in the water-spectrum, and this differexx^^iz 
apparent than in the crown-glass spectrum. 

It would therefore be an error to take for granto<3- 
have done, that the distances between individual ds^Mr. 
the spectrum change in the same proportion as the eixt:i 
of the spectrum ; even if the dispersive power of any m 
be known for the outside rays, or for the lines B a,:ii^^ 
amount of separation between the intervening lines o:^ 
krum cannot be deduced from this ; the relative positio 
lines must* be specially ascertained for each refracting- i^ 
Alh accurate knowledge of the peculiar conditions of tk^ 
ipparatus employed must theretbre be acquired by ,^ 
icrver before lie can venture to direct attention to th^ ::^ 
he observations made with it; he must become farxxi 
he precise places of all the chief lines and groups of 
n the solar spectrmn, so that in the examination of a:^ 
ar line, whether in the spectrum of a terrestrial subs-fca 

heavenly body, he may know at once, at least appi^c^ 
which of the Fraunhofer lines it lies nearest. 

The instniment used by Kirchhoff in his investigat: 
)lar spectrum is represented in Fig. 53, in connection 

was stated that the aipount of dispersion, or the len, 
jectrum, increases, with the number of grisms emplo^^, 
18 use of such a powerful mstrument a number of <1^ 
lat appear to b^ single in smaller spectroscopes becontx^ -^ 
to several individual Imes ; the D-line even with a ^ 
>wer is separated into two fine lines, and shows besides _ 
,iid of stiU farther resolvability. 

It is self-evident that with a great dispersion of the j^ 
iich the spectrum is greatly lengthened, the intensity 
oup of colors will be considerably diminished. By tkx^ 
sufficient niunber of prisms the brilliant solar spectnxxn. 
12 
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reduced almost to invisibiUty, and an exceUent means is herewith 
will be seen later on, for reducing the excessive 
brilliancy of the solar light to the requi- 
site amount when observing phenomena 



provided, as 




m 




on the sun's limb. 



SOULB 



42. KmcHHOFF's Soalb of the 
SpEcrrBUM. 
_ To faciUtate the observation and ree- 

|-iooo ognition of the numerous dark lines in 




Cxxoo the solar spectrum, and to determine ac- 
,^ curately their position and relative dis- 
tances one fi"om another, the mapping of 
all the visible lines must be made ao- 
'^*" cording to a given scale, or else in accord- 
J^'sooance with a certain scale adopted once 
1- x6oo for all, and this scale taken as a basis for 
X700 measuring or estimating the jAace of any 
x8oo Particular line. Klirchhoff, 'with an ex- 
^^^ penditure of time and trouble truly ad- 
mirable, was the first to undertake these 
*^ measures for certain portions of the spec- 
"**^ trum. The instrument -which he em- 
«*» ployed, consisting of four prisms, has been 
aaoo already shown in Fig. 53 ; from this 
p^ 2400 drawing it wiU be seen that he made use 
i^asoo ^^ * divided circle, fixed to the head of 
^^^^ the micrometer-screw B, by which the 
cross-wires of the telescope B could be 
^^^ brought to coincide with each of the dark 
_ "^ lines of the spectrum. The eye-piece was 
I2 »9oo so placed that the threads of the cross- 
3000 wires formed angles of 45° with the dark 
3x00 lines ; the point of intersection of the wires 
3300 w*8> by means of the micrometer-screw 
IZ C3300 -^ placed in succession over every one of 
^ ^.o P""^ ^^^^' *»d *^® division on the screw- 

^3500 i^*'^ ^^^S- ^^) ^^ ""^ 5 an estimation of 
|: the degree of intensity and breadth, of the 
1^3*^ Imes was recorded at the same time 
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reduced ataost to in visibility, and an excellent means is herewith 
provided^ as will be seen later on, for reducing the excessive 
^^ brilliancy of the solar light to the requi- 
site amount when observing phenomena 
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SOLAE 



^ 42. Kibohhoff's Soaus op the 
>» Spbcfrum. 

^ ^ To facilitate the observation and rec- 
J-iooo ognition of the numerous dark lines in 
f noo the solar spectrum, and to determine ac- 
^ |r,3oo tiiirately their position and relative dis- 
tances one from another, the mapping of 
all the visible lines must be made ac- 
'^^ cording to a given scale, or else in accord- 
's*^ an ce with a certain scale adopted once 
x^oo for all, and this scale taken as a basis for 
,700 measuring or estimating the jAace of any 
_ ,B«; particular line. KirchhoflF, with an ex- 
ti^P^^^*^e of time and trouble truly ad- 
^^ mirable, was the first to undertake these 
measures for certain portions of the spec- 
™ tmm. The instrument which he em- 
»»o ployed, consisting of four prisms, has been 
ajo^ already shown in Kg. 53 ; from this 
I- 3^oo drawing it will be seen that he made use 
^ of a divided circle, fixed to the head of 
_^ *^^ micrometer-screw E, by which the 
r.^^'^^^^^'^es of the telescope B could be 
^ brought to coincide with each of the dark 

^ ^i^^ of the spectrum. The eye-piece was 
- -5-. BO placed that the threads of the cross- 
^ wires formed angles of 45° with the dark 
3.« Imes ; the point of intersection of the wires 
^^»o ^as, by means of the micrometer-screw 
» n ' ^^ ^"^ succession over every one of 

- W (Fi?'5T^' *^. ^r^^^ - '^- -re;! 
» r^ ^^^- ^1) read oiF; an estimation of 
the degree of intensity and breadth o^the 
|,^ Imes was recorded at the same time 
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i 

I In tabulating these measures, Kirchhoff employed as a basis 

I a scale divided into millimetres, and selected an arbitrary start- 

; ing-point: each millimetre corresponded to a division on the 

micrometer-screw head. The drawings published by Kirchhoff 
embrace a portion of the spectrum extending from the line D to 
a little beyond F, and occupy a length of four feet. The remain- 
ing portions, from A to D and from F to 6, have been observed 
and measured by Hofinann, a pupil of Earchhoff's, with the same 
instrument, and according to the same method as the first por- 
tion, and they occupy a similar length, so that the whole of the 
solar spectrum is exhibited in a very accurate drawing of about 
eight feet in length. 

Fig. 87 is a greatly reduced copy of Kirchhoff's scale, with 
the principle Fraunhofer lines ; Plates 11. and III., for permis- 
sion to publish which wq are indebted to the kindness of Prof. 
Kirchhoff, and to which we shall again refer in § 44, give 
the lines measured by Kirchhoff and Hofmann according to their 
width and intensity ; these maps are about half the size of the 
original drawings.* • 

The principal Fraunhofer lines are numbered on this scale as 
follows : . 

h 8871 
H, 8668 (?) 
Ht is, acoording 

to Eirohhoff; 

imoertain. 



43. Anostrok's NoBMAii Solar SpEcrrBTTM 

I it is a grave objection to the plan of mapping the solar spec- 

) trum according to the positions and relative distances of the dark 

lines — ^their indices of refraction (p. 49) — ^that the position of 
these lines is considerably affected by the number and composi- 
tion of the prisms employed ; and therefore the appearance of 
I the spectrum, and the drawings made from it, vary according to 

I the construction of the instrument. Fraunhofer was the first to 

t undertake the determination of the wave-lengths of those colors, 

the places of which are occupied by the principal dark lines of 
' thie solar spectrum ; the subsequent labors of Ditscheiner, Yan 

der Willigen, Mascart, and Gibbs, perfected this method, and ap- 

* MoDatBberiohte der Berliner Akademie der WlsseDSchtften, 1869. 
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loo 
plied it toagreater number Of lines, until at leng^ the task was 

^ 1 ;!^ ^h the aid of the best instruments, by Angstrom, 
Tf^t^hoJ^^^ i characterized by Buch accuracy and 

to be regarded as a pattern to all mvestigators. 

The number of dark lines measured by Angstrom, with ttie 
aid and Operation of Thal6n, amount to 1,000 ; and the wave- 
lengths of the colors corresponding to these lines are accuiiitely 
detSminedin units of a ten^month f a rml^ In the 
original mapsf [Plates lY., V., Yl.], the whole solar spec^n^ 
frXa to l£ is represented in eleven parts, which when joined 
together form a length of about eleven feet. The upper edge of 
each part is provided with a scale divided into millimetres ; each 
milUmetre of the scale represents a diflference of wave-length 
equal to the ten-millionth of a millimetre (0.0000001), and as the 
tenth of a millimetre may be estimated with sufficient accuracy, 
the scale used by Angstrom will show, with approximate correct- 
ness, the wave-lengths of lines to the hundred-millionth of a milli- 
metre. 

As the red rays (a, B, C) have a greater wave-length than the 
blue (G), or the violet (H), the numbers denoting the divisions 
of the scale decrease in succession from red to violet, in the re- 
verse order of KirchhofPs uniform scale. An eighth part of the 
original drawing, in which the line F is included, is given in 
Fig. 88. This line is situated close to the division of the scale 
marked 4860, whence it may be concluded that the wave-length 
of the greenish-blue color corresponding to the F-line amounts 
to 0.0004860 of a millimetre. The hues to the right of F^ pos- 
sessing a greater wave-length are toward the red, while those to 

* [For the pre|>aration of hia nonnal solar spectrum, which is described in the 
text, and which is represented in an atlas of six maps, Angstrom employed, in place 
of a prism, a gratinff — ^that is, a piiece of plain glass ruled closely with fine lines. 
This grating was placed in the position in which usually a prism is placed, between the 
object-glaae of the collimator and that of the observing telescope. Three gratings 
were employed by Angstrom, one containing 4,601 Imes witMn the length of nine 
Paris lines, a second havrng 2,701 lines, and a third 1,601 lines, witlun the same 
length. The spectrum from a grating by diflhkction, unlike that produced by a prlsuL. 
is always truly normal— that is, the relative distances of the Fraunhofer lines corre^ 
spond precisely with the differences of wave-length of the light in the jwipts of the snecs- 
trum where they occur.] pec- 

f Recherches sur le Spectre solaire, par A. J. Angstrom. Spectre Normal da 
Soleil, Atlas de six planches. Upsal, W. Schults. (BerUn, F. Diimmler, 1869 \ 
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SPECTRUM ANALYSIS. 

the left are in the direction of the violet. The line ma^ed jr. in 
he fJecorre.^n^ to a color possessing a wave- ength of 
SooSeS of a iSlimetre, that marked m. to a wave-len^h of 
o:So064 of a millimetre, that marked m. to a wave-length of 
0,00048481 of a millimetre, etc. 

Angstrom determined the wave-lengths of the principal lines 
in the solar spectrum to be as foUows : 



A 

A 

B 
O 

E 



0.00076009 Mm. 

0.00071860 

0.00068668 

0.00065618 

0.00058950 

0.00058890 

0.000526B9 





b. 




b. 




F 




G 




h 




H. 




H, 



0.00051880 Mm. 

0.0CK)51720 " 

0.00051667 " 

0.00048606 " 

0.00048072 " 

0.00041012 " 

0.00089680 " 

0.00089828 " 



[These maps are given in Plates IV., V., and VI. : they are 
about one-half the size of the original drawings, and are insert- 
ed by the translators with the kind permission of Prof. Ang- 
strom.] 

44. ComOTOBNOE OF THB DaSK FbAUNHOFKB LiNES WTTH THE 

Bbioht Speotbctm Lineb of Tebbestbial Elements. — 

Kibohhoff'b Maps. 
From the coincidence previously observed by Frannhofer of 
the two dark lines in the solar spectrom designated by him D, 
with the two bright lines which Kirchhoffand Bnnsen discovered 
to be those of sodium, Kirchhoff was induced to put this coinci- 
dence to the most direct test by obtaining a tolerably bright 
Bokr spectrum, and then bringing a sodium-flame in front of the 
slit of the spectroscope. 

" I saw," says Kirchhoff, " the dark lines D change into 
bright ones. The flame of a Bunsen lamp showed the sodium 
lines on the solar spectrum with an unexpected brilliancy. In 
order to find out how far the intensity of the solar spectrum 
might be increased without impairing the distinctness of the 
Bodium lines, I allowed direct sunlight to fall upon the slit 
through the sodium-flame, and saw to my astonishment the dark 
lines D standing out with extraordinary clearness. I replaced 
the light of the sun by Drummond's light, the spectrum of which, 
like that of every other incandescent solid or liquid body, con- 
tains no dark lines ; when this light was allowed to pass through 
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COINCIDENCE OF FRAUNHOFER LINES, ETC. 169 

a flame in which salt was burning, dark lines appeared in the 
spectrom in' the position of the sodium lines. The same thing 
occurred when, instead of a cylinder of incandescent lime, a plati- 
num wire was used, which, after being made to glow in a flame, 
was brought nearly to its melting-point by the electric cur- 
rent." 

Kirchhoff could no longer doubt, from these observations, 
that the exist^ice of the dark lines D in the solar spectrum was 
due to the presence of vapor of sodium in the sun, and that they 
must be produced in the sun by reversion (absorption), in a man- 
ner similar to that shown in the experiments already described 
with terrestrial sodium. 

After the existence of sodium had been thus suspected in the 
sun with so great an amount of probability, Kirchhoff commenced 
the arduous undertaking of comparing the spectra of a variety of 
terrestrial substances with the spectrum of the sun, to determine 
.whether any of the spectrum lines of these substances, and if so 
which of them, coincided with the Fraunhofer lines ; that is to 
say, if they appeared in the spectroscope in the same place, and 
were of similar breadth and intensity. 

We have already made acquaintance with the method by 
which such a comparison may be made by means of two spectra 
in the same instrument (§ 28). Kirchhoff allowed the light of 
the sun to fall directly into the spectroscope, and on to the first 
large prism through the lower half of the slit, while the vfpper 
half was covered by the small prism for comparison : the rays 
fi^m an artificial source of light placed at the side were so re- 
flected by the prism into the instrument that, while the solar 
spectrum with the Fraunhofer lines was seen in the upper half 
of the field of ^view in the (inverting) telescope, there appeared 
below, and in immediate contact with it, the spectrum of the 
artificial lig|it. In this way the position of the bright lines of 
this spectrum could be compared with great accuracy with that 
of the dark lines of the solar spectrum. 

The artificial light employed by Kirchhoff was almost exclu- 
sively that of the induction spark from* a powerful Ruhmkorff 
. coil, with electrodes of small pieces of such metals as he wished 
to volatilize in order to obtain their spectra. 

By the comparison of these spectra with the dark lines of the 
solar spectrum, Kirchhoff arrived at the surprising result, that 
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the bright lines of several metals were entirely coincident with 
the same number of lines in the solar spectrmn. 

The coincidence of the two sodium lines D is shown in Fig. 
89 ; the upper part represents that portion of the solar spectrum 
with the two dark D-lines which is situated in the yellow, be- 
tween 100 and 101 millimetres of Kirchhoff 's scale ; the lower 

Fio. 89. 




Ooliidd«noe of the Fraanhofar D-JJnm with the Lines of Sodium. 

part shows the bright lines given by sodium-vapor rendered lumi- 
nous either by the electric spark or the flame of a lamp ; and 
both pairs of lines occupy so precisely the same position in the 
spectrum that one forms tlie exact prolongation of the other. In 
a very perfect instrument, another fine line, corresponding to a 
bright line given by nickel, appears between the two dark lines.* 
Two portions of the spectrum, the one situated in the yellow 
between 120 and 125 of Kirchhoff's scale, and the oflier in the 
green between 150 and 154, are represented in Fig. 90. The 
lower thirteen bright lines, designated Fe.=Ferrum (iron), are 
lines in the spectrum of iron ; they fall in exact accordance with 
an equal number of dark lines in the solar spectrum. The re- 
maining twelve bright lines indicated by dots belong to the spec- 
trum of calcimri, and are coincident with as many dark lines in 
the solar spectrum. Between these dark lines in KirchhoflF's 
drawing are several other lines, some of which coincide with the 
bright lines of terrestrial substances, while others are due to some 
other effects of absorption. 

* [There is at least one fine line between Di and Di which belongs to sodium, and 
which may be seen as a bright line when a source of light containing sodium is ex* 
amined.] 
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Plates n. and nL contain all the dark I 
rchhoff in the spectrum of the snn, and bel<» 
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m are marked in black the hnes of those te 
th whia he had compared them in the nsnal _ 
.stances are designated by their chemical s;-— " 




na.N. 




•eiTum (iron), Ca.= Calcium, Pb.= Pl^b«^ 
irargyrum (mercury), Na.=Natri^ ^^>, 
=M4ne6ium, Au.=Aumm (gold), H.=Hy<a^ir-. 
ren^),etc The horizontal line? by whicl^ -fc- 
he vertical spectrum lines are grouped togett^, 
ines thus bracketed belong to tbe same substa. 
.ymbol of which is placed below. 
ne wave-lengths of .the bright spectrum 
subrtances have in the same manner been 
^trom and Thal6n, the latter of^l»«°^„^«_ 
Zuj to this subject ; the coincidence ot tb^_^ 
TinL of the solar spectrmn has been F^-^^ "fa,^ 
,iTand recorded in their jnaps by msertm^^-^^^-J- 

ollr spectrmn tt^i^ Fig. S^'^^**^^' J;!^^^>>- 
Ven S^the portion of the spectrum pubbshe<i -It> :j^. 
are'ome^ty bright lines of iron aU of _^:j^^^x^^1^^ 

as many of the dark Fraunhofer hnes , tix^ <5,o^ ^ r^'^^i^-cide 
. by^oftnann contains thirteen additional ;-^:r^ «^\^^^tion 
ences, and Angstrom and Thal6n, who ^J^^^^ili^^^**:*^^ co- 
electric arc, foSid a coincidence of more tU«.^ -S^^ 

of ir"n, witii an equal nmnber of the Fraunlx^^^^^ X^^ 
he complete comcidence of so many bnght U^ _ 
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the same substance with the same number of dark lines of the 
Bolar spectmin, shows conuliisively that it cannot be the effect of 

chance. A glance at Fig. 91, in 
which the coincidence is shown of 
more than sixty of Kirchhoff 's ob- 
served lines of iron, with as many 
dark lines in various parts of the 
solar speetrnm between C and F, 
justifies the conclusion that those 
dark lines are to be ascribed to the 
absorptive effect of the vapor of iron 
present in the atmosphere of the 
sun. The likelihood liiat such a co- 
incidence of sixty lines is a niere 
chance, bears a proportion to the 
supposition that these lines really 
niake known the presence of iron in 
the Sim's atmosphere, according to 
the doctrine of probabihties, of 1 to 
2% or in other words m the ratio of 
I to 1,152,930,000,000,000,000. 

The most striking coincidences 
1 between the spectrum lines of ter- 
lestrial elements and the dark lines 
<^f the solar spectrum are shown in 
:ron, sodium, potassium, calcium, 
magnesium, manganese, chromium, 
nickel, and hydrogen ; the spectrum 
lines of these substances not only 
: gree exactly with the dark lines in • 
posMan and breadth, but proclaim 
tlieir relationshij) to them by a 
similar degree of intensity. The 
brighter, for instance, a spectrum 
line appears, so much the darker 
^v lU Its corresponding Ime be in the 
Bolar spectrum. 

A partial coincidence only of 
tho bright and dark lines is shown 
HI the spectra of the metals zinc, 
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barium, copper, cobalt, and gold, where the bri^^HzB^^fc^^i 
correspond with the dark lines of the Bolar sp^^Mi^'fc.: 
has lately discovered that the greater number 
lines given by the metal titaniom correspond 
the Fraimhofer lines; his investigations, which e:s^'fc.^3:i:x<3. 
five metals, fdlly confirm the observations of KIiiT*.^3ll=Mlti.ofiFl 
The spectra of the metals silver, mercury, an^-fc^i^mm^oxx^^ 
tin, lead, cadmium, strontium, and lithium, sha^ji?^ ikh^o Cioi- 
with the Fraunhofer lines, and this is also the csm^g^^^ '^^M.tytM^ 
non-metallic substances silicon and oxygen. 



only 
xxy of 



Bonic, 
<ieiice 
two 




45. KiROHHOFp's Theory of the Physical Cone 

Sun. 

It had long been assumed that the gaps in tlz^.^ 
solar spectrum which form the Fraunhofer darlisc: 
to an absorption of the corresponding colored rs^^^> 
phere of the sun ; but no explanation could be g^^^^ 
nomenon. The cause of this absorption was 
Kirchhoff in his discovery that a vapor absorbs &•< 
just those rays which it emits when luminous 
proved the whole system of the Fraunhofer lin^ 
produced by the overlying of the reversed speot 
stances as are to be found in the earth. He t;]:!^- 
lew conception of the physical constitution of "tl::^ 
jntirely opposed to the theories held by Wflson &:s::^ 
Terschel in explanation of the solar spots. 

According to Kirchhoff, the sun consists of a 
'^uid nucleus in the highest state of incandescence, 
ke all incandescent solid or liquid bodies, eve: 
' light, and therefore would of itself give a 
ithout any dark lines. This incandescent cen-fc 
rroimded by an atmosphere of lower temperatin^:^^^ 

account of the extreme heat of the nucleus^ "fci^ 
iny of the substances of which this body is co:^-^^^^^ 
78 of light therefore emitted by the nucleus must ^ 
s atmosphere before reaching the earth, and ea-oX:^ ^^ 
slies from the white light those rays which it:^ "^ 

it in a glowing state. Now, it is found when ^1-^ 
jialyzed by a prism that a multitude of rays ai*c^ ^^ 
just those rays which would be emitted by tli.^ "^ 
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diuiD, iron, calcium, magnesium, etc., were they made Bclf-lumi- 
nom; consequently the vapors of the following substances, sodi- 
uin, iron, potassium, calcium, barium, magnesium, manganese, 
titanium, ehroniium, nickel, cobalt, hydrogen, and probably also 
zmc, cupper, and gold, must exist in the solar atmosphere, and these 
metals therefore must also be present to a considerable^ extent in 
the body of the sun. According to the investigations of Angstrom, 
the number of the bright lines of the following substances coin- 
cident with an equal number of the Frannhofer dark linea is as 
follows: sodium 9, iron 450, calcium 75, barium 11, magnesium 
4, manganese 57, titanium 118, chromium 18, nickel 33, cobalt 
19, hydrogen 4, aluminium 2, zinc 2, copper 7. 

It appears therefore indubitable that the substances compos- 
ing the body i>f the sun are similar to those of which the earth is 
formed, for th*.ugh there may be between F and G some conspicu- 
ous dark line^ the origin of which is as yet unknown, it would 
be pre»mture to say that they were occasioned by substances for- 
eign to tliit^ earth. 

Could tlie light from the sun's nucleus in any way be set 
aeide, and only that of the incandescent vapors of the sun's at- 
mosphere be received through the slit of the spectroscope, a 
spectrum wcnild then be obtained composed of the actual spectra 
of these Bubstances, that is to say, the same system of bright-col- 
ored lines which now appear as the dark Frannhofer lines. The 
occurrence of a total solar eclipse affords an opportunity of ap- 
plying Biich a test for KirchhoflPs theory, for, as the sun's disk is 
then completely covered by the moon, and all light from the 
budy of the eim is intercepted, no light can be received except 
from the solar atmosphere and the glowing vapors by which the 
nucleus is eurrounded. 

The resiilti^ of the observations of the solar eclipses of 1868 
arid 1869 did not fulfil the expectations that had been enter- 
tained J Hot, tht^ugh the Fraunhofer Hnes ceased to be visible the 
momeTit when, with the disappearance of the last rays of the sun, 
total ciark,ieB8 commenced, the system of bright lines did not 

T^Z " '^^f ' ''^'^^' ^ ^^^ 'P^^^^ ^^ ^^^ gl^wi^g vapors 

of the .olai* atmosphere were still in view, was to be expected.* 

rer^.l'^'m^ ^^' "^ ""''T' ''~' Y^^,^^««--«i all the Fraunhofer lines re- 

- With 1 '^'^^"^^^i'r ^^^> ^^e described by Prof. I^ngley as foUows • 
Wu. the .ut oms spectroscope placed lo.^^na^nj;i,Z!:ZZnt of obscura. 
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KIROHHOFF'S THEORY. 

It would, however, be premature to form a C503 
Kirchhoff B theory from these negative results 5 
be presumed that the vapors of the solar 
not possess that degree of heat which would 
produce a light sufficiently intense for creatixim 
such an enormous distance (ninety-two millioT:^^ 
the great darkness and even blackness of m&x:^^ 
hdfer lines justifies the conclusion that the difE^eia: 
ture must be very considerable between the e 
the atmosphere of vapor by which, accordin.^^ 
theory, it is surrounded. And if on other g^r*^ 
reference will be made hereafter, it were sl^L: 
supposition of the sun's nucleus being an inea^i^i 
liquid body were untenable, yet Kirchhoff 's 0:31c: 
Fraunhofer lines, and his proof of the preseric^c 
the Bun similar to those found in the earth, w^^z> 
unaffected. Even if the nucleus of the sun WG^:mr^t 
astronomer Faye supposes, neither solid nc>r H 
condition of vapor or gas, there is still no doul>-fc 
ball of gas itself in consequence of the extrena^ ' 
cent, and would therefore emit rays of every j^ 
proof of which has been ftimished by the expex-i 
land, Deville, and Wiillner (p. 117), in accoi^ 
views of De la Eue, Stewart, and Loewy — of 
corresponding to the Fraunhofer lines would b ^ 
cooler outside strata, or else the ball of gas, i^ ^ 
surrounded by a stratum of vapor partially cox:^ 
a cloud in a condition of extreme heat, called 
whence emanates the white solar light, and in 
tion of the vapors composing it takes place iix 
occurs in the direct volatilization of sodium hy 
(p. 148).- 
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tion, and for one or two seconds later, the field of the instnimeii.^ 
lines. As &r as could be judged, during this brief interyal, ^-^^ 
line of the solar spectrum showed bright ; an Interesting observ^^ ^ 
Pye^ a young gentleman whose voluntary aid prored of much s^-^^.^^ 
currence of tihese independent observations, we seem to be j^*^-^^ "^^ 
probable existence of an envelope surrounding the photosphere^ ^.r*^^ 
mosphere, usually so caUed, whose thickness must be Umited *ic>^^^ 
o£ arc, and which gives a discontinuous spectrum consisting c^^p "^^^ 

Fraunhofer lines showing them, that is, bright on a dark ground >* -^ ^ 
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We shall enter upon these theories more in detaU hereafter, 
but this much may be said here : that every explanation of the 
physical constitution of the sun must always be based upon the 
discoveries of Kirchhoff ; and the various details of any theory 
in explanation of the solar sjwts, the faculse, the prominences, 
etc., must be in strict accordance with the phenomena established 
by Kirchhoff of the absorption of the colored rays and the re- 
versal of the spectrum. 

46. The Atmospheric Lines in the Solar Spectrum as ob- 
served BY Brewster and Gi-adstone. 

The Italian physicist Zantedeschi, of whom we have already 
epoken, was the first to remark that the dark lines in the solar 
spectrum are not all invariable, and that the changes occurring 
in number, position, intensity, and breadth, in some of them are 
clue to the varying condition of the earth's atmosphere. This 
subject has since occupied the attention of Brewster and Glad- 
stone, Piazzi Smyth, Secchi, and preeminently the French physi- 
cist Janssen, but their investigations have not as yet led to any 
satisfactory result. 

Brewster and Gladstone (I860*) found that new dark lines 
and bands made their appearance in the solar spectrum when the 
iaun approached the horizon, and that certain dark bands were 
more strongly marked in the morning and evening than at noon 
\vlien the sun stood high in the heavens. As the sun when near 
the horizon must tfansmit its rays through a stratum of air nearly 
fifteen times as thick as when at a high altitude at noon, the idea 
was suggested that the atmospheric air, though colorless, might 
exercise an absorptive influence upon the light, and obstruct the 
i7^.w^^^'^ ^^ ^^ ^^>' ^^ proportion as fhe stratum increases 
1. ^^ ^""^ ^^"^^ ^ough which the solar rays have to 

136rne^l"7^<?T P"^««l»«d by Brewster and Gladstone in 
durk W^ t f '"^ ^^^^' ^°**^ »0'« than 2,000 visible 
The vToleT "',^,*^' ^^^y diBtinguishable one from another. 

e^ direction of the red it is of considerably greater length, 
e text, m the solar spectrum, were eaused by atmospheric .bwrption.] 
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THE ATMOSPHERIC LINES. 

The Fraunhofer lines retain their original design^^i 
etc., while the lines and bands interspersed bc^— 
tween them, and clearly separable one from tlic3 
other, are marked by figures after the letters A^ , 
B, 0, etc., in succession toward the violet, alwajris 
commencing with 1. Thus between A and eat 
there lie three bands, marked A„ A„ A, ; b^^^ 
tween a and B there are eight lines or bands, 
marked a^, a„ . . . a^. There are seven linos 
between B and C, sixteen between C and I>, 
twenty-nine between D and E, ten between E 
and J, thirty between i and F, fifty between F 
and G, fifty-three between G and H, four between 
H and ky and ten between k and I, each line 
marked by a number, beginning always with 1. 
Besides these prominent lines, there are many 
very fine lines interspersed among them which, 
are not enumerated. Thoge lines and bands 
which are preeminently infiuenced by atmos— 
pheric conditions, and are, therefore, more or* 
less proroinent according to the altitude of tho 
sun, are designated by the letters of the Greet 
alphabet. 

The solar spectrum given in Fig. 92 is takex^ 

from a reduced drawing by Brewster, and reprc^ 

8ent8 not only the Fraunhofer hues, but also a.T^ 
the variable Unes and bands of any important 
which are easily discernible, and which are hax'^^ 
marked by the Greek letters; the numbers ax'*^ 
omitted. The drawing shows the spectrimi as J 
appears when the sun is near the horizon ; all tlx < 
lines and bands marked by the Greek letters dig 
appear from the spectrum, or become more or l^j 
pale as the sun attains a meridian altitude. Th^^ 
bands were named by Brewster and Gladstone 
TnospAerie lines, to indicate that they were fomx^.^^ 
bjr thB absorptive power of the earth's atmospheres ^ 
tbese observers did not succeed, however, in ^.i^_ 
certain ing to what elements in the atmospheric^ 
air this selective absorption was to be ascribed. 
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In the least refrangible portion of the spectrum two intenfi^ly 
dark bands appeal at sunrise in front of A, bordered on both 
Bides by a fine line Y Z. A increases much in breadth, and pre- 
serves this width even when the sun has a considerable altitude. 
When A is observed at noon, it appears as a double line, oik like 
two dark spaces separated by a narrow band of light ; when the 
Bun is setting, this bright stripe disappears, and the line is seen 
as me band of uniform width and intensity. The group a in- 
creases in intensity toward sunset, but the individual lines do 
not subside into one band. The strongest absorption takes place 
close to B. C and most of the lines between C and C, become 
darker, and C, (in the orange) is especially remarkable, as it 
deepens in intensity while the sim is yet high in the heavens. 
In England, this line is visible during the whole day in winter, 
but not in summer ; at sunrise and stmset it is one of the darkest 
and best-defined lines in the whole spectrum. C,, increases tow- 
ard evening to a black band, and the double line D beconaes at 
the same time very prominent. Behind D„ a band, marked S, 
l>e^ins, which is specially characteristic of the spectrum of light 
that has passed through a thick stratum of air. Even in a small 
B|>cctroscope, this band may be readily seen at any hour of a dull 
day in the diflFused light, but it is particularly dark and well de- 
iiTied during heavy rain or a thunder-storm, and at sunset it be- 
comes abnost black. The same is noticed in the bands € and ?, 
as also in the line 17, which is very distinct at evening, and from 
its proximity to E, which remams unaflFected by the atmosphere, 
may easily be mistaken for it. On the farther side of b are 
sev eral other remarkable atmospheric bands, particularly i and x. 
F loses its sharpness at sunset, and seven bands from X to 9 be- 
cmoe visible between F and G. At G the only change is a loss 
of t^nghtness tdward evenmg, but a still greater amount of ab- 
sorption ^kes place beyond, in the violet rays. 

T^e western sky, immediately after sunset, affords the best 

^-'^^J^'^^K^'"'' observing these dark atmospheric lines, especially 

twS"^ l'^? ^ ^ ^^ ^"^^* P*^ of the spectrum K at 
that tune the sky be red, the Unes C, O., I>, S, appear generally 

m^ ll J^7 ^'^^^ ^'''^^' ^^* ^'^"^ '^^ «^ ^ yellow they are 
much less distmctly marked.* -^ J J 

Soe*ir^for oV.«^^^^ ^^"""^ t "T^^'^^'l^ ^aa intrusted by the Royal 

^1 tor Observations of the atmospheric lines of the eoUr Bpectrum at different 
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THE TELLURIC LINES. '^'^^ 

47. The Telltjbio Lines m the Solab SjE^-nas^imBfcxxiaflc: ^ajx«t> ths 

Spbotbum of Aqueous Vapob, as obsebvjesik::^ :^^!E' J~^^^j:^^^^^ibn. 

The investigations of Brewster and Gladsl;^!^:] 
bj tBe Frencjh physicist Janssen, in 1864, for. tZ 
covering what substance in the atmosphere j>i 
tive absorption of the solar spectrum. With ; 
own construction, composed of five prisms, he j 
in resolving the dark bands noticed by the EngG 
very fine lines, and in ascertaining that their 
petuaUy varying. He found them to be dark^i 
sunset, and less intense in the middle of the d^ 
never entirely absent from the spectrum, a peri-* 
which at once proves their atmospheric origin, 
more decisive evidence on this point, Janssen r^3iB 
his observations on the solar spectrum from tlift.^ 
mountain, whence the absorptive influence of 
denser stratum of the atmosphere would be e:^^2 
effects of absorption consequently would be maaifV 
moderate degree than on the plain. 

For this purpose, in the year 1864 Janssea iMr-^^xi^-fc. • 

week at the summit of the Faulhom, at a height ci^:^^ ,^ <^>4r^^^^^ ^or a 

(about 9,000 feet) above the sea, and convinced lii:»=»:^j^ ^"ri^^ ^"^txetres 

variable dark lines in the solar spectrum were, ir^ -^r*^=^ -» • '•^-O^t; the 

fainter there than in the plain. But, in order t^^^^ ^^ • '^"-^•X^ xxxncli 

real origin of this absorption, and to obtain proof "fclfca,^^-^- "*-^<^0"v^^ir tie 

were produced only by the earth's atmosphere, h^ ^:i^=>^-«=^^^^*^^ lines 

eelfto the examination of artificial light, since tlr^.^^ -m ^ ^^-^"^^d Ixina- 

sun in travelling to the earth has to pass for i*iiXli^-^ -^S'^t^t of tie 

through foreign media. -"^^^ d^zf" xrxiles 

In Qctober, 1864, he caused a large pile of pim ^^ 
set on fire at Geneva, at a distance of 21,000 metr^^^ 
teen miles) from his place of observation, and obseirx^^ 
in the spectroscope ; when viewed near, the fire ga^v^^ 
ous spectrum without dark lines, but at the fuU dist;^^^ 
the dark lines appeared which Brewster had obsf 
jspectrum of the setting sun. 

altitodes of the sun at the faTorable position of Mossoorie has sent 5^-^ 
ofhiB obserrationB, together with a ohart of the atmospheric lines ^^ 
sunset. Tbis map has been printed in " The Prooeedings of the Ho^^^^ 
jrix p. 1« and maj be found of assistance to those who are studying ^;i-^^ 
13 ^ 
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It remained now for Janssen to determine with yet greater 
certainty whether this atmospheric absorption was to be ascribed 
to the air, or to the aqueous vapor contained in the air, an inves- 
tigation beset with unusual difficulties, which could only at last 
be accomplished when, in 1866, the Gas Company of Paris placed 
their apparatus at his disposal. 

An iron cylinder 118 feet long, after being exhausted of aii 
by forcing steam through it under a pressure of seven atmos- 
pheres, was filled with steam, and closed at both ends by pieces 
of strong plate glass. The cylinder was surrounded with saw- 
dust to prevent radiation, and additional contrivances were also 
adopted to preserve the steam from condensation, and so to main- 
tain its transparency. A very bright flame (produced by sixteen 
united gas-burners) was placed at one end of the cylinder, and 
the spectroscope at the other, so that the rays from the flame had 
to pass through a stratum of aqueous vapor 118 feet thick before 
reaching the slit of the instrument. The spectrum of the light 
in the air was entirely free from absorption lines ; but, seen 
through the cylinder of steam, there at once appeared groups of 
dark lines between the extreme red and the Hue I>, similar to 
those seen in the spectrum of the settmg sun. By this means, 
not only was the proof ftimished that a large number of the 
variable lines in the solar spectrum are due to the presence of 
aqueoM vapor in the earth's atmosphere, but also a method 
enl^boiU? ^^^'^"'^ ^^ presence of aqueous vapor in the heav- 

an//f : ^A ''^P'T^^*« *« ^la^ spectrum between the lines O 
ana n as drawn by Janssen ; the upper half is the spectrum of 

CrrwMchatlr^ " .^T^ exclusively to the sun, while 
_8e wmch are darker m the lower than in the upper. half are 



^^^^"urio lines. 

lini^a^ P^Su^'^b; tt^ ^^ ^"^«^^ ^^ ^o«t "^ telluric 

on the mvisTwe ZSrof^r""? " ^^ «^"^^ ^^ *^ ^»Por 

^e apectnnn i. . ^„,_,^ ,^Y^o W^e .^etp^. of 
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The abfiorption spectrum of 
a^^eous vapor conBiste, therefore, 
00 all the lines introduced into 
'^(^^ continuous spectrum by the 
aqueous vapor of the earth's at- 
mosphere : it is an absorption 
spectrum which may be easily 
constructed for the portion be- 
tween C and D by leaving out all 
those lines from the lower part of 
Fig. 93 which agree exactly in ap- 
pearance with those in the upper 
half. It has been proved that the 
groups marked 0)8 and D arise 
from the aqueous vapor in the at- 
mosphere; the teUiwric character 
of the central group C 7 has been 
also established by Janssen be- 
yond a doubt, but as yet it re- 
mains uncertain whether they are 
likewise to be attributed to aque- 
ous vapor. 

The investigations of Janssen 
were not confined merely to that 
portion of the solar spectrum in- 
cluded between C and D ; he 
continued the spectrum in an- 
other map, where it reaches be- 
low the line B and beyond D; 
in this spectrum are included 
also the three groups marked 
by Brewster a, )8, 7, 8 (Fig. 92). 
Janssen has extended his obser- 
vations to the light of the moon 
and fixed stars,* with the vIqw 
of ascertaining if the stellar light, 
which differs from that of the 
snn, be subject to similar changes 
in its passage through the earth's 
atmosphere. 



* 3«ai80eD, ** Bq>port snr une Miflaion en ItaHi^.^^ PaTia, ImpHm<> rl.^ 
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With this object Janssen attached a small direct-vision spec- 
troscope to a powerfiil astronomical telescope, in the manner 
described more in detail in the section on stellar spectroscopes, 
and examined the spectrmn of Sirius as the star appeared above 
the horizon. In ifafvery bright spectrum were several dark 
bands, which when measured were found to occupy precisely the 
same position as the dark bands that appeai^ed in the solar spec- 
trum at sunrise and sunset. In proportion as Sirius gained in 
altitude, the intensity of these telluric bands gradually dimin- 
ished, until as the star passed the meridian they entirely disap- 
peared. 

Fig. 94 gives the spectrum of the sun (I I) and the spectrum 
of Sirius (I) as they appeared in the small spectroscope when 
observed in the meridian and at the horizon. The telluric bands 
will be recognized at once on comparing the two spectra of the 
same object ; the dark bands marked 1, 2, 3, are evidently telluric 
absorption bands common to both the sun and Sirius when near 
the horizon. 

Secchi has also been occupied for many years in observing the 
telluric lines of the solar spectrum. From the first he expressed 
an opinion that the existence of these dark lines, which vary with 
the place of the sun, the position of the observer, and the amount 
of humidity in the air, were to be ascribed to the absorptive 
action of the aqueous vapor contained in the atmosphere. The 
influence of the weather was apparent in the fact that some of 
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these lines were invisible in clear weatli^i 

while they were strongly marked on dull ciim,^3^^ 

the south, Secchi hag also observed and '^rMr:^. 

absorption lines during rainy weather in th.^ ^JP 

distant 2,000 metres (lj-=mile), as well 

as in that of large fires kindled on the 

mountains. 

Angstrom, of IJpsala, has also insti- 
tuted careful investigations of the telluric 
lines in the solar spectrum, and has in- 
troduced these lines into his maps (§ 43, 
Plate VI.), measured according to the 
wave-lengths of the colors they absorbed. 

In Fig. 95 a map of these lines is given 

on a reduced scale ; the lines and bands 

there shown are all atmospheric lines 

with the exception of the Fraunhofer 

lines O, D, E, J, F. The order of the 

phenomena produced by the absorptive 

power of the atmosphere as the sun ap- 
proaches the horizon is thus described by 

Angstrom: 

The violet portion of the spectrum 

disappears as far as G ; the absorption 

then keeps advancing toward the red, 

and intensifies the dark bands near F 

and D. At the same time the lines A, 

By and a, which are always visible in the 

red part of the spectrum, become much 

darker, and the lines of aqueous vapor 

both at C and D continually augment. 

At last the only parts remaining bright 

lie between B and a, between a and S, 

and in the greater portion of the green- 
ish yellow in the vicinity and to the right 
of S, while the portion between B and 8 
is more or less shaded by dark bands. 
The part of the spectrum least aflFected 
hy the telluric absorption lies between 
D and S. 
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Angstrom concurs with Brewster that nearly aU the changes 
of color observed in the red glow of snnrise ^^^.^^^l^^., 
simple explanation in the phenomena of atmospheric »^!^ ' 
whevdhj aU the mgenious and elaborate explanationfl luuierw 
attempted are completely set aside. 

Angstrom is of opinion that the bands A, B, a, and S, are not 
produced by the aq«eous vapor of the atmosphere, since tuey 
• are very constant, and are not affected apparently by changes oi 
tcmp*3rature; whethw other gases contained in the atmospheric 
air, as, for instance, carbonic-acid gas, exercise an influence upon 
them, has yet to be investigated. 

It is fidly admitted that other heavenly bodies besides the 
earth may be surromided by an atmosphere; Janssen's discovery 
of the B]>eetram of aqueous vapor furnishes the means of ascer- 
taining whether this vapor, indispensable to the maintenance of^ 
all the living organisms of our planet, is also present in the other 
celestial bodies. Repeated observations undertaken by Janssen 
oil the high mountains of Italy and Greece have already furnished 
proof that aqueous vax)or is present in the atmospheres of the 
planets Mars and Saturn. • 

48. The Solab Spots — ^The FAoui--fi and their Speotba. 

It would lead us too far from our subject were we to dwell 
upon the phenomena of the solar spots, imi)ortant as they are for 
acquiring a knowledge of the physical constitution of the sun, or 
enter upon a full description of their form, their mode of for- 
mation and disappearance, their motion, their connection with 
the sun's rotation upon its axis, their periodic occurrence, and 
the various hypotheses that have been formed as to their nature ; 
but, on the other hand, we must still less be silent on the sub- 
ject, since spectrum analysis has investigated these wonderful 
appearances with a success which lias added much to our knowl- 
*^dge of the constitution of the sun. 

A number of excellent photographs and drawings have been 
Hiado by Secchi, Nasmyth, Warren Be la Rue, and others, of 
remarkable spots, showing very clearly the characteristic forms 
tHey assume, and the phenomena which accompany them. By 
ineaiiB of a magnifying lantern and an intense light, these photo- 
graphs may be thrown upon a screen and exhibited to a large 
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andience. Spots similar to those shown in 
figures consist prindpallj of a dark, ahnost bl 
the t«m}fY»,*surronnde<| by a space somewhat I 
penunJbra: the umbra has g^aerallj an 
the pennmbra exhibits a stmctore radiating to 
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If the sun be observed with a high power, -fcl:^ 



sents by no means a uniform appearance ; a mixl^^ 



and dark stripes cross each other in all directiorif 
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nous surfece appears like a net of bright meshes irx-fc ^^^i- 
dark threads and small dark pores. The brightoi^^ 
97) show a more or less elongated form (comp^^ 
which suggested to Nasmyth the name of " willa\j^^_^^ 

• [The dark central part of a spot, called by the author ** ^^ 
tfaigaished throughout by the name untJbray in accordance with t]^ 
astronomers. Mr. Dawes showed that within this part of a spot ov^ 
spots may generally be observed, to which he gave the name of m 
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Dawe« comparer them U> "bits of «tr»w," and Hoggin* «» 
them merely ^' granule*^," * 



Fib. &T. 




Gi^unlfa &Q1I I^)r*B of the ann""! Surfteo, »Jlef HogB^'M- 



On this uneven atid ever-varying bright background the 
spots make tlieir appoamncc in the greateet variety of torna and 
fiixe. The penunihra not imirequently &tretiihe& across the black 

• [Dmwea restricted the name gimvm to the objects of that shape in the immediate 
ndghborhood of the epota, which appear lo be formed either by the cloTigation of the 
aorm&l granulea, 01- by an aggregation of them uELder the influence of the forces which 
are present in the BpotB. Tbe tenn ffranulet^ adopted by HugghiBT ^^ ^^^ auggested 
by £Niwe» for the Bolir particles m their not-rtial fortn, that ifli as they appear on the 
general siitfoce of the sun, b^jcauee^ as he observed, ** the appeUntion gratitilation or 
grsnulea aaflntnes nothing citber as to their exact form or precis© charaetcr." The 
obaervationfl of these astronomers agree in repressentinK the granulea to be geaerally 
0f an OTal form, hut that itr^gultiFly-ghaped musi^e^ of almo&t every form frequently 
present ttiemseWeB, The average size of these particles may be taken to he about 1* 
in dtameter. and the average longer diameter of tbe more oval parttclea at about I'.S. 
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central portion in various places, Fig. 98, ancl 
much darker at the outer edges, where th^ 
bright part of the sun's surface, than in other _ 
the penumbra is traversed by few or more bidLj 



jr^X^-fc 



•^M^r appears 

-fcotx<3lLes th.e 

_ V^ ^x-y ofteix 

7"^5<i bands. 



Fig. 98. 




SoJat Spot, altar Naamyth, witli Thrae Bridges of Ld^^^ 



stretching from the outer edge toward the nucl^ 
right ang-les to the confines of the nucleus and 
99) which give the spot the appearance as if a ii.t 




L>>e 



^ Of 



ex-ally at 



Fm.99. 



^"tr^aixis 




Sotar Spots, after Capood; Fanows in tbe Pemimbni. 



of some luminous matter had broken through the ci^ 

the pentimbra, to fell into the abyss of the ^iJXiX>^^,.^^^ '^^ 

umbra itself is often crossed by one or more l^x-o^l^ 
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bands, called bridges^ bj which it m divided into several portions 
(Figs. 96, 98, 101), 

Besides the dark spots, and chiefly in their immediate neign- 
borhood, bright places make their appearance on the Bun b snr- 
face, which hare been called fcLcidw, They are generaDy the 
attendants of Bolar spots, and are esj>eciany to be seen at the 
extreme edge of the penumbra when the spot has reached the 
sun's limb : that they are not the effect of contrast between the 
dark spot and the neighboring brightness is proved by the cir- 
cumstance that every spot is not aceorapanied by fistcute, and 




^^ Ui th. Neighborhood of • Bpot,\mfit Cb-«m«. 



aWB7lC'^the'!f ^"•=^*'^/-»l- -e to be seen which are 
08t always the precursor of a coming spot. 

"lly^tvrc r'o S 'IT'^ 'V' -nfidLbly in form ; gener- 
The wreathed facui. are almost aiway« followed in a few 
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days by the appearance of a group of spots ; among the vein-like 
waves of light visible in many places, more especially toward the 
sun's limb, there is first developed a dull, scar-like place out of 
which the spots are formed, sometimes singly, sometimes in 
groups;* and not unfrequently the formation of a spot may be 
predicted from 'the increased intensity of light at that place on 
the sun's disk. 

When a spot is observed near the sun's limb in the midst of 
the surrounding facuke, it is difficult to avoid the impression that 
the spot lies in a hollow between bright overhanging mountains ; 
and it was observed by Secchi, on the 6th of August, 1865, that 
the &cul8B, when they reached the western' limb of Hie sun, ap- 
peared like small projections and irregularities upon the sharply- 
defined limb of the sun. 

Although the real connection between the faculse and the 
si)ots is not yet fully understood, it may be safely concluded, 
from these observations, that the spots lie deeper in the solar 
surface than do the faculee, and that these faculsB are mountain- 
ous elevations of the luminous matter forming the photosphere, 
by which the spot is surrounded in a wide circuit as by a wall. 

A representation of a group of solar spots observed and drawn 
by Nasmyth, on the 5th of June, 1864j is given in Fig. 101, in 
which all the details characteristic of a spot are to be recognized 
— the black umbra, the penumbra in a variety of forms, com- 
posed of the " leaves " directed toward the umbra, and the sur- 
rounding luminous surface of the sun presenting its usual granu- 
lated appearance. This surface is called the photosphere^ a name 
given without reference to any particular theory as to its 
physical constitution or structure. The photosphere is entirely 
covered withjpor^, or small spots, less luminous than the other 
parts : where they congregate, and become conspicuous by form- 
ing a black umbra and shaded penumbra, they constitute the or- • 
dinary Hdar epot; where the portions of greater brilliancy than 
the surrounding parts of the photosphere congregate, they form 
theybowZa, and these generally accompany the spots or precede 
their formation. 

If a solar spot be watched in the telescope from day to day, 
or from hour to hour, it will soon be seen to change in form ; it 
increases or diminishes, or completely vanishes away, while new 
spots make their appearance. Li the process of disappearing the 
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Fig. 101. 







Group of Solar Spots obseryed and drawn by Naaxnjth, June S, 1864. 

dark umbra first gradually contracts until it becomes invisible, 
leaving the dusky penumbra perceptible for some time longer. 
Not unfrequently a spot breaks up into several spots, and oc- 
casionally a group unites to form one ; and sometimes^ even as 
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was observed by Weiss, on the 12th of March, 1864, and by 
Haag on the 131^, 15th, and 16th of April, 1869, one spot is seen 
to pass over another, partially covering it, and then withdrawing 
f(om it. In all these changes the spots exhibit an amount of 
mobility displayed in general only by liquid or vaporous masses. 



Fis. 108. 




OlieOre^SolttSpotoflseS. (From 7th OoMmt to leth October.) 

The great changes which sometimes occur in a solar spot are 
ehown in Fig. 102, representing four drawings of the large spot, 
more than 46,000 square miles in area, that appeared in 1865. 
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The drawings are numbered in order of date. No. 1 shows the 
form of the spot on the 7th of October, when it was first visible 
on the eastern (left) limb of the sun '; Nos. 2 and 3 as it appeared 
on the 10th and 14th of October (central view), when a bridg^ 
had been already formed across the nucleus ; and No. 4 as it was 
seen on the 16th of October. 

The formation and changes in the configuration of a spot 
may often be watched during the course of observation, and it 
not unfrequently happens that the appearance of a group of 
spots is so entirely changed from one day to another that it can 
no longer be recognized in the new form it has assumed. An 

FiQ. 106. 
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Soltf Spot of July 80, I860. 

example of this is given in Figs. 103 and 104, consisting of draw- 
ings of the same group of spots observed by Secchi at noon on 
the 30th and 31st of July, 1869. 

On the other hand, there are spots presenting scarcely any 
change, which preserve nearly the same form for many days to- 
gether. Spots of this kind are of the highest value to the astron- 
omer, as they afford the only means of ascertaining the time of 
the revolution of the sun upon its axis, the }>osition of this axis, 
and its inclination to the earth's orbit. 
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K a spot be obsefved even for a short time, it will soon be 
remarked that it apparently advances on the sun's disk from east 
to west — ^that is to say, from the left to the right limb of the 
sun: in an inverting* (astronomical) telescope the motion will 
appear to be in the opposite direction, namely, from right to left. 




Solar Spot of Jnlj 81, 1869. 

The form of a spot on its first appearance on the eastern limb 
of the sun is that of a small dark streak the length of which is 
much greater than the breadth. For the first few days it appears 
to move but slowly toward the middle of the sun's disk; its 
speed afterward increases from day to day till it has accomplished 
half the journey across the disk. The motion then slowly 
diminishes until the spot again assumes the form of a narrow 
streak, and disappears at the opposite (western) limb of the sun. 
It not unfrequently happens that the same spot which has been 
observed to disappear on the western limb has in the course of 
about fourteen days been seen to reappear on the eastern limb, 
and in the lapse of another fourteen days has disappeared a sec- 
ond time on the western limb, a phenomenon that proves beyond 
a doubt that the spots are connected with the surfEice of the sun, 

* In an astronomical telescope the highest point of the snn^s disk appears as the 
lowest, and the lowest appears to be the highest; in the same way the eastern limb 
appears to the rights and the western limb to the left of the observer. 
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and that the sun itself has a revolution ifpon its axis. If the 
time required for the earth's motion round the sun be allowed 
for in this revolution of the spot, the result will show according 
to Sporer a mean time of rotation for the sun amounting to 
twenty-five days, five hours, ihirty-eight minutes. 

Kb-chhoff, whose views Prof. Sporer, one of the' most indus- 
trious observers of solar spots, has in the course of his inves- 
tigations adopted with increasing confidence, considers these 
forms to be doud-like condensations in the sun's atmosphere, 
which are produced by the loss of the solar heat by radiation, in 
the same way as the aqueous vapors of the earth's atmosphere 
are formed into mist and cloud. When such clouds «rise over 
the bright and glowing surface of the sun, they obscure the light 
of the sun at that spot, and it is but natural that these cloudy 
masses, so irregularly formed, should also become further con- 
densed, or be dispersed with the same amount of irregularity, 
according as they come in contact with cooler or warmer streams 
of gas. 

Those physicists who diflfer firom Kirchhoff in their views of 
the physical constitution of the sun, and consider, with Faye, 
that the actual nucleus of the sun is a non-luminous ball of gas, 
entertain a different theory of the nature of the solar spots, 
regarding them as rents or openings in the bright photosphere 
surrounding the dor J ball of gas through which this dark nucleus 
is seen. 

The elder and younger Herschel have both recorded observa- 
tions of a depression or notch in the sun's limb when a spot has 
been disappearing round the edge of the sun. K the idea has 
been once entertained that a solar spot is a cavity or ftmnel-like . 
depression in the luminous photosphere, it is diflScult to resist 
the optical illusion arising from the fact that a dark spot on a 
bright background always conveys the impression of a hole. 

Fig. 105 shows a spot observed and drawn by Secchi at Rome, 
on the 5th of May, 1857, which resembles a gigantic whirlpool or 
a funnel, into the interior of which the substance of the photo 
sphere appears to be rushing with an eddying motion. Warren 
De la Bue has taken two photographic pictures of the same spot 
at an interval of two days, and, if these pictures be placed together 
and looked at through a stereoscope, the spot exhibits the form 
of a fimnel with remarkable exactness. Other photographic pio- 
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tures, taken of similar spots when at the extre: 
also convey the idea of the existence of real 
photosphere. 
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Spiral Solar Spot obsenred bj Secchi. 



The opinion that the solar spots are fxinnel-slx 
in the outer stratum of the sim's envelope, or 
support not so much from observations of this feix 
different appearances they present in their appareizn 
the sun's disk, without any actual change occurri: 
size, or grouping. 

Were a spot to make its appearance upon tb.^ 
sun, and become visible on the eastern limb, thk ^ 
western part of the penumbra would first come ixx-fc 
to the sun's rotation fix)m east to west ; then the 
of the umbra would appear, and the umbra itself 
increase from west to east ; finally, the most eas't;4 
the penumbra, that which was farthest from th^ 
would be revealed. In the same way, on disappea.: 
western limb of the sim, the preceding or weste: 
penumbra would first become invloiuie, the wos 
would then gradually decrease, after which the n 
minish in the direction of west to east, and finally- 
or western part of the penumbra would entirely di 

vie'W. 

In reaKty, however, the exact contrary is obse: 
14 



'I>ressionB 
«x-e, finds 
^-^ ^ ^f^OTxt the 
^^*^<=>^n. across 
*l:i.«ix- form. 




of the 
<ixxxg or 

X>oxi;ioii 
*oxx of 
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appeamnce of a .pot at the eastern hinb, the "^^"^f^ i^^o folW 
thr penumbra is iirst visible, tbeo ful owb ^^^^^^^'^V^^^^^^ east 
of a dark streak, which gradually widens in the ^^^^^''^^''^^^ 
to west, tni at length, whex. the umbra i. ^1^"^^^!!^^^*^% ^^^^^ 
em Bide of the pemmibra beghiB to appear. On tho ^^^^^^ 
ancB of the Bpot at the western hmb of the Bun, tlio ^^^^^^"""^SZ 
tion of the penumbra, that which is turned toward tlie centre u 
the sun'fl diak, first dhinuishes, and the umbra agB^in oontracts 
into a narrow streak, while the western side of tlie pon^rabra HM 
Bc-arcdy at all decreased. Only when the umbra is ezitxrely lost 
to gi^^it does the western penumbra begin to diministi, and filially 
diHAppcar. 

In Fig. 106 the drawings marked I represent tto ^-ai-jing 
phases through wliidi a spot surrounded by a penuiiibrji. usually 
pai^ees from the moment of its first appearance on tlio eastern 
limb of the Bun imtil it appears again at the w^estern liixil:>_ They 
show that the theory of the spot being above the surface o£ the 
sun, afi a cloud in the solar atmosphere, or being on tlio eiirfece 
itself, is untenable; the phenomena observed, hoivever, can beat 
once explained by the supposition that tlie spot is a conic^l-sbapocZ 
depress juu iu the outer suilkce of the son (tlie pbotoaphere^ ^wbich 
expands from the inside, and contain© in its deepest recesses the 
caut^e of the dark unibni, while its sloping sides are con:ipQsed of 
whiit appears to us as penumbra. The drawings marked II rep- 
resent such a conical-shaped cavity in a f^lobe shown in perspec- 
tive in the same positions as those oecupied by tbe spot on tho 
buu'b dijsk in the first set of drawinfjjs. It is needless to remark 
that thct^isse of the spot in reality bears no such proportion to the 
size of the Bun as for the bake uf clearness has been adopted in 
the drawings. 

We cannot any further follow the reasons for or ag-ciinst these 
hypotheses concerning the cloud-like or funnel-formed appearance 
presented by the solar spots, without first becoming acquainted 
with the results which spectrum analysis has already furnished in 
connection with these mysterious phenomena. 

William Huggins, whose invaluable labors in the province of 
stellar spectrum analysis will be discussed hereafter, made an ex- 
am iuation of the speetriun of a solar spot on the 15th of A n 
1868, and then tbund. In accordance witlx the previous obse^^J 
laons of Secehi and Lockyer, that, notwithstanding the darkness 
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Fio.106. 




Tbo Changes in the Appearance of a Spot caofled by the Rotation of -^1^ 



of the spot, the continuous solar spectrum did not c3Lx^^ 
that several dark lines increased in hreadtJi and vnte^rh^-^^^ ^^ 
in Fig. 1^7 for the double D-line. New lines did n^:>^ ^ 



^t>x^^ 



*^ XXX 
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the epecthim formed by the light of the ^^'^J^^^^'^^Jf;^. i^^M 



einglo line was missing from the normal ©ol^r epoc^trum ; ^^^^ 
UneB were scarcely ever to be seen, Theso plionoinena ^^^ 
well be reconciled with Faye^s hypothesis tliii>t: » ^jx^t is ^ 
by the eruptian of streams of g»s from the interior of *^- ,^^^ 
by which the bright pliotospber© is puslied on €>xi^ sMe, aii 
dark ball of gas conipoeing the nueleuB of the siin mxposM 



rtG, ir.7. 




Tho nun^m la tlw Spe^^irtiin of a Solar 3poU 



view; for how can Ae pe«wtence of the contirmotis speetrnm 
b^ e^Td th- i^ y«";'i'«g of the photosphere a di^Jvt body 
be exposed which can yield no light for the formation of a .pa^^ 
trum? Accord me to Fav^'a fVLo^**^ i , 

it, and the wiSnin; 2 the Zk H. ""y ^•^*'' *** P"^ *'»™"^^ 
the .pot oe<=a«ion. f„ wJw Jr^.i'rTJ if-P'f %.*.»-* 
^fromtheeondenBationoftheaamrT!:^ ^ '^ ^'^^' ""'^^S" 

<i«ces the dark ab.onnion tnlTuTeTd" "^^«^"- -»-'> P"*- 

More significant arc the recent " . "^^^^ 8oI«r Bpeetruin. 

examining vrith his great BpcctroseopTrho n^^^T^ ***" ®^'^'^'- ^" 
spot, he saw groups of three four ■ "'^'Sliborhood of a large 

distant from each other, appear i'n 't^,*'* «-loudy bands, equal/y 
Bpectanim. These bands nsnaJlvdiaa^J?^ '"^ *°** orange of the 
mstniment waa directed away from tK ^*'*'" *^«= «'''t «f ^'e 

flf the snn; their appearance in the «!? !£^' **" *° *^« dear disk 

spectrum waa always a snrc 
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proximity of a spot even when it ws^t 
the instrument. On the 6th of Jaii_~i: 
ed to observe the same bands on th^ 
use of which was soon apparent hy 
i over the sun, and on a closer ^z^z:^ 
seen to show themselves in all par*^^^3 
assed away, the bands disappeared &r< 
proved that aqueous vofpor had so 
phenomena of the dondj bands, and -fcll:i.£j3 
more unequivocally by another obs^Jf^v^^t^tio 
ing of February, when Secchi, ol> 



tlx. 



^Clx. 



tolerably thick fog, noticed that t^hm^ 

jvery part of the disk, but decidedly- 

ity of the spot. Secchi concludes, tlx^^zxr^fJoir*' 

)ower in the sun producing these ban 

rptive action of the aqueous vapor o 

osphere; where the earth's mist a: 

is action is increased ; the cause of tZzm. 

he neighborhood of the solar spots £^ 

: which is present in a fog — ^namely, ^ 

Y it seems proved that aqueous vccj;^^ 

yfihe swn m the vicmity ofla/tge »po&Bt^ 

Iso carefully analyzed the fine groTX3^> 

red in the middle of March, 1869, 

Qsisting of a powerful telescope and "ttfc^ 

•isms, and arrived at the following i*^asx:xX-fc 

il dark lines which were very na.: 

lose parts of the sun free from spots s-x^T^^ 

. in the spectrum of the spot ; other lixx^i^ 

iharply defined at the edges, as in tl:^^ 

i the sun. 

>f the exceedingly fine dark lines 8ca-:»rc*^5^^^^ 

ctrum appeared very dark and broad i^:^ "fcln^^ 

dative intensity of the bright portions "w-^ 

I the spot : while some lost much in l>x-iU-£ 

r full intensity. "^ 

)parent loss of brilliancy in the briglx-fc 

)re by the increased width of the d^t:»r]^ 

rhis result appears to the editor to need confimunt^, 



199 

Secclii 
of the 

rrr^ -jiTL^a^-fc J.<:»jaL tliese 
of -fcjlTM.^ disik; as 
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:x:xzM,SLde in 
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"fcliat the 
"fc^xisified 
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ion in 
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;itLLJm ^^..v- 

n the liffl.t. The ^vi<i*^"'"^^,« ^a(?-«? 
the BodTum line 1>, for «x«™P',l,^„=t^ 



by an actual diminution m 

lines D, and I>„ forming tlic socinnn uu^ --, ^"C, ""^ almost quite 
CTeattbat the .pa^e between them seemed to ^^f ^5;^ two lineB 
disappeared, while tn places away from the spot those 

were widely separated, , -1^1*- from the 

Similar observations were made on a spot ^-isio**^ ,^^hra 

The 6pt*t had a doiiI>l«5 ov^nl uniDi», 

number or 
iijxibra were 



lltb to the 13th of April, The &]y 

and a large penumbra, and was surronmlcd by f* 

smaller spots. The two i>rineipal portions of tho ^ ^'vid 

separated by a very narrow and very briglit h>-l€iffe^ wlaioli, flu 

ing the spot into t%n.> j^art^^, extended throu^li tbe ^w-I^iole ^^ ^ 

penumbra from one end to tbe other. The interior of tlio ^™^j^ 

appeared as if tilled with ros^t^colored veils, twisted eoiiftisedly 

and sprcEid aVioiit in every p>Bsiblo way. 

Under very f:ivorable atmt»?]tberle eirenmstancot*, Socelii "Was 
able to continn all tlie turc^oin*^ ^pi'rtniin observations of B> spot, 
both with regard to tbe widening M' tlie dark lines, and tbe con- 
version of the tiiui lines into rlundy bauds!. The lines most 
aflTeeted were those numbered 719,5 and 864- in ICirebbof^^'s spec- 
trum; tbcy were at least three times as black and broad <?n tbe 
spot as in other phu-o?, though the ed^es were still sliari^lj^ €leBned, 
When tbe slit of the spectroseope wa*^ jilaecd nt ri^ht angles 
to tlie bri<lirc uf tbe spot, bo that the li^ht of the bridge, the 
nrabra, and tbe penumbra, fell s?iinultaneunsly np^^n the prism, 
Seeobi saw in the field of the instrument tliree kinds of speetra 
at tbe same nioment, eac-b sliarply separated from the otiier, as 
Bho\ATi in Fig. lOB, where tbcy are represented witli the Fraun- 
bofer lines and Kirebhofl''s numbers. 

^ No. 1 : the ordinary solar spoetrum i^iven bv tho luminous 
bndge, except that tbe liydrogen lines IT ra = C, It /S = F H y 
near to G, were &r/>^/ inste^id of (birk. ' ' 

No 2 : the .pectrnm of tbe umbra .vith tho dark lines widened 
and nitensibed, some new striped bands and ^on>e ^rio^tt double 

also m tbe C-hne by Rayet on tbe 12th of April 1870 

No. 3: tbe spet-truni of the penunil>ra in whi 
lines were not visible; they did not appear eith 
or as bright lines, but were altogetlicr ^vantinr. 



hi which the hydrogen 
■"\er aa dark lines 
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es the thickening 
iark lines, several 
)n bands made their 
ice also in the spec- 
the nmbra: one in 
near C toward B; 
near D, and a very 
le half-way between 
D. A wide dark 
as seen in the green, 
s specially deserving 
je that several Iright 
ade their appearance 
lis dark background, 
id two together, at 
te distances from 
ther, and so brilliant 
eir light had hot ap- 
ly suffered any absorp- 
i dark band was also 
in the blue near F. 
lier dark lines become 
and darker in the um- 
a spot besides the two 
y mentioned belong- 
calcium 719.5 and 
:Kirchhoff's scale: this 
)menon has been ob- 
d with remarkable dis- 
less in the neighboring 
■> of iron, in the group 
een the lines 1207 and 
(Kirchhoff), as well as 
at group extending on 
sides of the line 1421. 
hi has identified a num- 
3f these lines with those 
ron ; they were all more 
lenced by the absorptive 
m of the substance of the 
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»pot than the two D-lines of eodiuin, ^hicj, thojigFalso ^^ 
e«Wy widcuod. had lost the sharpnese of their ed^s • ^ ^^^ 
Bium lineB 6 scarcely underwent any change in the Bpectrum 

^^^LSyer fonnd in a spot which he observed on the ^Oth of 
February, 1869, that the magnesium as well as ^f.^^'^^ '^^j^. 
were incmased in breadth, and he agrees with Secchi m the opi^ 
ion that this widening of the Fraunhofer lines "^^^ J^^^.^"^ 
in the spectrum of a spot arises from an increased ^^^^"^^^ . 
those subfitances out of which the spot is composed, ^J^^^^\^ 
general the spots are deep recesses in the surface of the soia 
, body, filled with concentrated masses of those substances Ciron, 
calcium, barium, magnesium, sodium, hydrogen), the ^^ ^ 
which undergo an increase of breadth and intensity in the spec- 
trum, and over which floats the lighter hydrogen gas. 

Prof. C, A. Young, of Dartmouth College, Hanover (Amer- 
ica), also founa, when investigating with the spectroscope, a large 
group of spots, on the 9th of April, 1870, that the hydrogen lines 
C and F were reversed in the umbra — appearing bright. O was 
very bright, F much fainter ; the remaining hydrogen lines, Jx 
J (3796 Kirchhoff ) and H S or A (3365.5 K.), were not reversed, 
but appeared as somewhat finer lines. He remarked also that 
many dark lines had become wider and darker, while others re- 
mained unobanged, among which were a, B, E, 1472 (K.), the 
lines h, 1691 (K,), andG. The two sodium lines D, and D„ as 
well as 850 (iron), were evidently widened, but not to any con- 
siderable extent. 

The lines most affected by the increased absorption in the 
substance of the spot were as follows : 864 (Ca.), 877 (Fe. ?), 885 
(Ca.), 895 (Ca.), 1580 (Ti.), 1599 (Ti.), 1627 (Ca.), and 1629 (Ti.). 
The lines of titanium which were identified by Angstrom's map 
were very promment, and this was the more remarkable as they 
are not vigiblc in the ordinary solar spectrum ; the same observa- 
tion was made with regard to the calcium lines. 

The results of the spectrum observations of Secchi, Lockyer, 
and Young, important and valuable as they are, remain as yet 
too isolated and unconnected with telescopic observations of the 
spots and faculse to yield material sufficient for explaining the 
nature of these forms. This much, however, may be regarded as 
certain, that the phenomena of the increase in the width and in- 
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of the Praimliofer lines, as well as th© a.jp^i>e^a-ra.xx^ of new 
ands in the spectrum of the umbra, wre j^^r^^^::^^^^^£^^=^^^^ ^2/ ^f^ ^^~ 
I absorptive power exercised ly the mb^T^^:^^^^^^^:^^^^ ^2/^ -i^Adoh th^ 
formed. 

hen the white light of the sun's nudeua -^^^%^TDL±CiM=m^ Ix&s already 
3d absorption from the absorptive stratiT::*. -wrmo^ ;;g> y^ ffa ^t^^s tlrrougli. 
iporous xaatter of a spot, it undergoes a y^^^"fc fk:a.:«r-tli.^x* a.l>8orp~ 
from the additional matter which the 3j><z>'fc <^^:z>:jDL'tariTXS. As^ 
fore, the lines of calcium and iron are coxiL^i<i^^:«:Tr^sirl>ly £i»:ffecte<3 
e spectrum of a spot, the sodium lines i-n ^^ js3=K:M..^H^xr degree^ 
to some extent, those of magnesium, it xMnm^s^^y^ TEz^-^ <30xxclude<i 
the substance forming the solar spots jLj^ <^^z:>:mzaoLjp€>&^^ pre- 
lently of vapors of calcium, iron, titanium^ ^czK^Li^ma.xxi, l>arium 
magnesium, and that these substances occxlimt izauM^ 3 ^^y^v& of var- 
g thickness, and in very different proportio:M=i_^. 

That hydrogen gas constitutes an importan.-fc ^l^^:x=r3.^xit; in the 
aation of the spots is shown in the most uii^xg|^'ija.i^^c^^::>^3^j xrxanner 
the spectrum. The hydrogen lines are mo^-f^ '^^:i9f^3<3-fc^<i in th« 
ta that he close to the umbra, in the brici^g'^ ^v^^Xx^xx one ' 



oied, and in the penumbra. In the spectinmacx <z>:^ "fclx^ "briH 
0. 1) the three characteristic lines H a, HI J^^ HT^y «-^. ^-^.^a. ^^ 



ghJt^ in the spectrum of the peniraibra (No. ^) "fclx^^^y^ ^y-> 4V^ 

tirely wanting, while, in the spectrum of the stijr-JP«.<»^3 of* -f-V* ^ 

d of the umbra (No. 2), they appear as the ^ '^ ^ ^ ® ®^^^ 



•aunhofer Knes 0, F, and the one near to G. ""^ dark 

An explanation * of this phenomenon is ofic 
)sition that hydrogen gas breaks forth from tin 
le iuterior of tiie incandescent solar nucleus. O- 
*eme lightness, this gas would rise in enonxx^ 
ame (prominences) over the absorptive vaporoir^ 
hotosphere, and, in consequence of the cooling* 
xpansion, would enter into a variety of chemica.1 <:^on-i "b-^ • 
;specially with oxygen ; the uncombined part W"o>- ^^ X tl '^^~^~ 
X) the side, while that in combination with oxy^^afe:^:^^ /- .m^ 
ihe other solar substances would form gaseoixi^ ^^ ^ 

masses, which, from their nature as well as from "tll::^^^!^ 
cooling, would be heavier than the hydrogen gas, a.:*::^^^ 
down, from their greater gravity. It is to be ®^I>^^<:*-#-^-^^^ 

• [The editor remindB the readers of the book that he is no^ 
views and explanationB of the author.] 
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%r o^ 



leus am 



Btrc:iiu lit' eras, on ming, avouM f-arry \ip w 

those ^ubstaiiee^ t1^at ^^s^^ in tlie e=un"^ imrle ^^^^ 

lug stratum of absorptive vapor (tlu- photosphere) ' ^ ^ 



ith It i^ qiiiai:itil:V 

it' these sub- 



// 



Htanees, 

titles in the himinoua hydroi^am ^us< tht 



lilies 



r thariiiL'tcJi-i^tic? 

w*Kda be seenaB bric^ht lines in the e^peetnim of tliC pillar^ o^ 
^imx^. Dnrinir tlic rei-ent tutal crUi^se^^, many sucli linos wer ^ 
tiir-t ob^erve.h t<.-cther with the liiJirht liydro^-on lii^os, in ttiG 
pronunciH'cs, a ilesoription of whirh will he driven tki-tlicr on ; 
they (an now be obs^frved diiily. snnietlnies \\\ ^re^it jx umbers, 
upon the tiun's dinli, _ 

When the ibn-e of the ^nts-cru]>tion h:it^ i^i>inowhat «ii"b*^laed, 
aii<l till' ebeinlual cnmlMivation^i ensue, producinf^ vajiofoiis l>rc- 
eipitation^i i^f many kinds, the ibrniatioii of the Bjjot bctri^'^^- The 
heavier portiortR of these ]>recipitati(>nK sink do^vn, iiiiti Ironitx the 
tntthra of ii sjKst iv\ the phiee of greatest efnideiisilt ion, vvlillc the 
\y,\vX> whirfi \\vv \\"f-^ ih'n?^o eontstihU"^ the j^eit ififthra, Xlio ^^npar- 
M\\^ nnibni, bo wove r, tbMti<rh ap]>arontly <pntt» bhiek, iB vot ab7e 
to tninsniit a ei^nsiiiurrible anioijat of ^indi^^lit ; indeed, iiceortJiu^ 
tr» Zollner's nieasnrcinents, tlie Viiack nndn*a of a spot emits f\nir 
thonsnnd tiines^ an mneli liirht as that ileriveil tVoni an cr|nnJ iir€^a 
of tile full niiion. Tint* statement is fully eimtiniintl l>y the re- 
snlts of s|KM'trnnT an:ily>i>i, inr even tlie hlaokest iindn^M viehis a 
&l>e<"truni exbibitini^ nil the detail <»f full siinli*dit. 

Where tlie spot is broken throni^di h\ the overti-iwiTi^^ masses 
of the ]>hntn.jniere, :i \>v\)r\\\ band is f.irtned, o^llorl a hpidf^e^ 
whieh exteinU at-rosH tbe \vbole nf the penunihra, Tlie rays of 
hL-ht emitted by the lutnin.nis liydro^en as It ilowH to the ed^s 
of the spot from the neitrbbnTini,' parts^ of the bridire, ainl breaks 
.>vcr the absorptive strMtnni of the ln^hl;re, are t,ot fnrtberub- 
snrbed, aTul dlnminate tbe dark Franuhuter hnes V,Y and one 
m..r i\, tbese lines tl^eretV.re. in the .i>eetruni of the bridge 
(Nc^ 1) are reversed troni d.rk tn bri;,ht, la the iinibra of the 
spot tbe tr^ V^ -i^n 1. no l.n^er p.esor.t ir. .nffi.dent qnantity 
or .t a snihevently higli ternperataro t;,r its Hnen 1\ ^ R ^ to 

overiM.wer the dark Framdiofer lines V F anri +l ' A 

? * -^ anu the one near (x, 



1,1 -^ ? * <t tiiHL tlie OTie nea 

or even tu we^d^en thera pereeptihly ; on the .>ther h^nd h 
ten.ty of the llglit and the temperature of the hvdro::;^ t 
part, belongntfc to the penund.ra are sniheient U. .n':f J 



brlt^dit IhieB eoinddent \vith the dark li 



ie in- 
the 
ent to canse its three 
nes C, F, and the one near 
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>e of tlie same intensity as the neigtiL"fc^-^:^^K-rijr^S' X>»x-ts of the 

im, and therefore they become invisibl^^ Zdan. "tilx^ spectrum 

bridge (1) these lines are generally bri^^^jfc^-^*^.^ ixx 'fcli.at; or tho 

(2) tbey remain dark, while they are :f3c—^^^3L"*^^^"-*ly entirely 

ig in the spectrum of the penumbsa. 

le various remarkable changes which th^ 3E jEzm:=m. ^^i3 oiT Ixydrogen, 

esium, sodium, calcium, and iron, suffer -w-m-^ -MzJtjM.^ ^j>^crtniin of 

.mbra, seem to show that, in the cloud-I z£ JE^^r^^^ £i,xxd ''vsipoTovi& 
ances constituting the spot, the new concm. tz^zS^zKZM.-^a.'fcion.s are dis~ 
I in layers according to their specific grav:5 -fc ; - ^fc x — ^ dTlxxis hydro- 

ps occupies the highest stratum ; aqueous y-^ ^ ~^pr z^>-^z:»iMr^ xxa.^i,gne8iuiri. 
sodium follow in thinner layers below; ^^^^:jmr:m^<^ 'tyt^^ heaviei- 
Ts of calcium, titanium, and iron, form "^z^ZMum.^^ lo^west and 

»est stratum, the base of the spot. 

Clie formation of a spot will accordingly in:k.:Kii»d^_ ^^<ii.^-fc^l-5r follow^ 
eruption of hydrogen ; the spot itself is a dexi*. ^^.^^^^ oloxici v- lum*- 
s mass, probably of a semi-fluid consistency, o<z>-:m:izm:zm^ T^o^^^L of man 

Btituents — ^according to Zollner, a kind of sco:»7^5t ^^t^ ^"W^laicli sink 

its gravity a certain depth into the photosph^i^cT-,^^ o:r- otite 
1 of the Sim, and partially intercepts the ligh.-fc i^'^roairx -fclxe 1 ^^ 

aLtum of the photosphere, therefore presenting ^ ■_ -fco xzjs -Mi ^^ 

irance of a dark mass projected upon the di^X^zr <i>f -fcli *^* 

b same way as the exceedingly intense light o:f^ "^^ln.^ i^^' ^^ 



n lime-light appears black when seen against fcl-^ -^=^^ y-aydro- 



The enormous dimensions of these dense ^>cfc,ff^, j^j^^^ * ^^ 

hich extend sometimes in all directions, accouxx -^^ ^^5z>x- -f-T-* "^apor, 
: time the spots continue visible, not unfrequ^:^:!^ "«^1 -v^ ^ length. 

uring several rotations of the sun. Their ^so.;pz>r-^^-^,^^ ^^'^■^^aiiiin.g 

e explained partly by the substance of the photo^^^^Czr^Xi^ ^"^c^o is to 

Qto the cavity of the spot, partly by the complete '^^«'"«j^>-fc ^ ^o^wing 
he vapors into the nucleus of the sun, where, in ^^^zi^^z^c::^,^^ ^-"^^^^ixce o"f 
:he enormous heat, the compound substances whiclfc^^ !»--»-» ^3L^-*-^x:xoo of 
them are broken up into their original elements. ^^^ ^^cist ixx 

These conjectures are by no means intended tc^ -^^i^'^** 
plete explanation of all the phenomena of a solar s^]^;:^^-^^ _^_ ^^^^^^<i ^^ Oo-rri 
it certainly is of the highest interest for us to acc^-^^^^ ^ "^ ^ '"'^^^oxi \^ 

edge of the physical nature of that heavenly boci-^;,^ -^a«^^_ "^^ -^^^'■ixc^ i 
derive light, heat, motion, and life, we must yet l>^^ <-^«=fc "^^^^^kt^ c^^ 
receiving for truth what is only the result of sp^c^x:^ J,^^,^^ ^-^"fc:i ^^^Tib "^^^ 
ciaWv as the theories on this subject rest on isol^^-^^^^^^^ ^^<Zfc^:^^3^ ^ of 
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W to ^BtZ! TL*''™ **''"^"" ''"* ="•" -ly intended, there- 
the ««epSl K '^ • °P°" **"' "^"'^^ '"tJ^erto obtained by 

them,^;o b;4^hf^^fo "^ — ^'---d interpretotion of 

BervekdnrinrL to^i " , 'i"''°^ ^'^ '^'' phenomena ob- 
"«ag me total solar eclipseB of 1868 and 1869. 

49. Total Soiak Ecijpseb 

twwn the di.m£% „p„' i^'f.'"r««'^,'r"^'« *« d'oid" b^ 

i^ «». .he -.»l..blJpE:^ef»"„rrlf rn"^"*^ *"? f:*^ 

are eo completely overpowered hv f ». Tr^"^ ^^ *^® "^^ « ^""*> 
nucleus or pLotospherotl^t they e^S" ^"^ '^f^* **^ *^« ^^ 
moat powerful teLeopos. It is not ^ ffi '"''1^ ^ ^^^^ ^ *^^ 
B..n's rays by tl,o iotoLsitioi. of ^n ""**=^«°* *» get rid of the 
diffused light of the .k^^clnot be Iv °?''^"^. '"™^' ^«<^««« «»« 
tl.i« light even is «o intense af to .n'T'f ^^ **^« means, and 
-'. appendage. It is .^ite otUeT^rhf^^ *^™* ^^^^ «^ *^« 
«^J>*« of the Bun ; then the moon cov.; ^r^''^' **^'^« » '^'^ 
d.«t, and includes a large tmS of thr !.J^ "^^""^^ ^^ t^e Bun's 
ot it« shadow, revealing to the oie'r l""'*'*^^ ^ th« «>^e 
dered by the light of day, « display of X' ""^^ '^ '^^ ^o^ger Mn- 
^luch «.n be seen in n^ otheVway ^n^.r^"* «>«nd the Bun 
P««uWy fitted to throw light on t^e nn^ ""^ "'^^^^ o^ which ie 
Bt'tution of the son. ^ '^^ ^^t"re and physical con- 

- ber cSurltorrsH:™' '^''^ *«»-» -'- eclipse th 

tTir. ^i wcbt to eagt DaBRi=.a ^^. ^i '""PS© tne moon 

eonitTH ^"""™«' ^y *I^« -e of a «iZf *^ f^^ of the sun, 
Se of l''^''""""'^ ^«t o« the west-^ti".^'^ glass, the W 

Mde. If i,n^.l,!; ' ° *''^ '^'^^Pae appearRT 1 telescope, the 

^> east, aad the o^s^n^.^^^T" "^"^ *^« -un>,^i^"J''r* ^'^ 
w covered and tbo i 7 '"'^'^«'i8ea until tti^ ^^^^^^ from west 

1-b. BlCe'ol^etlS S"P^-- from^^e'l" ^' *'« ^"^ 

iie«s, and that when th« fT ' -^^ *=*'"'^enceinl> t "^^ » eastern 

-nn'B western Ihnb, wt« ^r ^ ^^^^ «f S^^o "^ ^'^ ^^l^" 

' ^"^ *•■ *^e wme instant ^''**^ toncheB ihe 

^nt the solar rays re- 
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r and the total darkness is at an end, axr^ ^:^oi3ci.x>^"^^®^^^ tlie fe^w 
3\is moments for the sake of which cos^-fcl^^ ^::scr2E>^<iitioii.s are 
ired, and the interest of learned and Bci^zmrM -fci:fi:<3 :B3n.^XL of Grsrefry 

♦n greatly aronsed, since in these momexzM-'fc^ ^ tJLmM-iqtie oj>j>or- 
:y is afforded for the investigation <Jf the <3^^:B3L*:r-^l l>o<iy of our 
3m, and the successfiil nse of this oppoix-^fc'ma.m.i'fc^;^ Is exitirely 
indent upon the weather, for a momentax-^p^ ^^^^il <z>:tf* ciloiid or a 
.ing whisp of vapor, may render nnavailinzM.^^^ ^I 1 "t-lx^ tronhle 
expense incnrred. 

We will not suffer ourselves to be detain^^<i ^t>y ^m^ <i^«cript;ion 
whose changes that pass over the landscape ^3 ^is "fclfca.^ darkness 
^ances, nor dwell upon the deep impressioim. "'^j^lxicslzM. "fclx^ Bixdden 
appearance of the last rays of the sun, and ^-Hib.^ ^^^n^y-m ^y^Xljr sudden 
tppearance of the light, make both upon ni<3:K=B. ^xxc3. ^^s=B>xxxialA 

The diameter of the cone of the shadow th:«r<i>-v«^i:M_ "1::^-%^- -*-"i^^ I 

^■^^•^^ ■^xi© moon 
ward the earth amounts, at the spot wh^xr^ it "fcc^-txoli -#->» 

Tth's surface on the equator during the tS:a3ci.^ -of "fco-fca^Ti- 
)out 122 miles : as, however, the moon, whiciL tI=UK*<:>-v"^-j^ -f-'K ^* 
w^, only completes its course in the heavene^ -^r^i^ -m-m -y^ .^^ -#->» sliaa- 
'om west to east in one month, and the eartln.^ "^'^"ln.ic^'Vfc ^ ^arth 
be shadow, accomplishes its revolution from ^w^^^-f^ "fco ^^ceives 

lay, it follows that the motion of the mooii=*s s^n.^^^ ^»-st;^in one 
nueh slower than that of the earth's surfece. I-fc "fcliM ^^ as very- 

pens that the earth appears to run away from ta.:rx<l^:^* -t-"!^^ liap- 

shadow, or that the moon's shadow seems to i-^-^x:^ <:>^%^ -■^^ ^xioon's 
from east to west. From an elevated position -fclt^.^ ^i* ^^ "•^Ixo earth 
moon is seen to approach with enormous rapi<ii-fc-^^ <^<:>"W" of the 

sation as though a material substance, such as ^^ "t^xr^-^-^*^^^ "fclie sen- 
smoke, were rushing over the earth's surface, flU j^ "fclix ""^ ^^loixd of 
spectator with fear and dread. A few mmutea lt>^f ^ '•^^k:^ i ^"^^itiated 
mencement of the totality, the brightest stars l^^c^^^^^-w^ ""^^ ^ '•^ifc.^ coin* 



the sharply-defined black edge of the moon ^:t>'»:>^^^^ ^'"^^i'fc^'le and 
ed on all sides by a very narrow but very ^^li^^:^:^^^ "^^ ^'^-^^■^x^onnd 
of silver whiteness, which* is called the c<?r{?na. -^j, "^^^-^^^S" <2^f li yZ. 

na faint rays of light, irregular in length and ^^^^<a^ J^^*^^^ 'fcix^ e 
in all directions, surrounding the moon's disk lik:^ ^ ^^ ^^^^^^^^^^xn^^^"^ 
this crown of rays is usually designated the sX<i^i-^ ^->^^ ""^^^li ^^^ 
gretki) or hdo, ^ ^^^^^^^^-^^^-^^J^^^T 

Fig. 109 is taken from a very C5arefQlly-prej>^^^^ ^^> ^^ 

Dr. B. A. Gould, and represents the total ecliT>|^^a^ ^^\r^^^^^*"^-%3to-^ 

^ ^^^ ot 
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August, 1869, as it appeared to the unassiated eye at Des Moines, 

in l*orth America. 

Wlie,, tlic total darkuees liaa commenced, the pramin&ncea 
make their appearance, which are cloud-h-ke masses of a rose or 
pale coral color, diepostd either singly or in groups at various 
places on the moon's linih. s p »•- «x 

They pierce the corona in the most wonderful forms, some- 
1^'orir^ outgrowtlis of enormoua height, sometimes as 
low projections spreading far along the moon's limb. The prom- 

Fts. 109. 




T«W.,ta.L.:„p„„rA„^™„,le«,, 



inenccs, are generally first seen on the ^ . 

«^, where at the comTneneement of tL ^.T ^^^*^) «id« of the 
g^==os the sun's edge, and the Bpace ?„"'"> *« '"oon onlv 
the sun IS yet uncovered; in proportin^"™^*^'^tely surroundink 
to the east (E), the spaee --eSj^.^^^J^- moon adv^n^ 

^*^^g the western 
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(^W) of tlie sun becomes free, and the p: 
also on that side m greater number, i 
L greater distinctness. 
*liere remains now no longer any doubt 
plLenomena belong to the sun, and. are gj. "< 
ae InmiiioTis gaseous material by whicL 
lly Burroiuided ; it cannot therefore grea*X 
r formB have been seen to change even cl 
on of the totality ; that which calls much 
enonnouB height to which these pillars of 
limb of the sim, a height which in some 
000 miles. 
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^xxces are ttieii 



^Ixese renxarlv- 

.^i,<^oiimula.'tioxL8 

^olar body is 

'fc<=>X3.i8]l UB tiiat 

^1dl& shoi^ du- 
jKi>:r vronder is 
sci-fc^n-d beyond 
<^GG exceeds 



50. Photogbaphio Piotdbes of Total Soj 



Besides the important observations of the first 
id fourth contacts^ especially needed by astrono; 
•ecise determination of the diameters of the sun 
le direction of the moon's course, careful attentioiMzi 
aring a total eclipse, to the corona and halo ^ 
trahlenkranz), and especially to the prominen(5^ 
cope was formerly the exclusive means of observ 
aphy was first made use of at the great solar e<33 
.n Spain, where it was employed, with very good r-^ 
chi and Do la Kue at different stations. 

It will in future be extensively applied to the :i 
portant eclipses, since photographic pictures take; 
through the telescope at different periods of obseir^^ 
faithful transcript of the phenomena taking place ; sl. 
pictures are taken at rapidly-succeeding intervals, 9Lxm^ 
far removed from each other, they afford, when collec ^ 
a vivid picture of the whole course of the eclipse, a,^^ 
the phenomena which have occurred during the totai j 
The apparatus needed for astronomical photogra t^ 
lows: 1. An astronomical telescope; 2. A driving cX<: 
the telescope in a direction contrary to the revolution ^^ 
at such a speed that a star placed on a wire, or in th^ 
instrument, should not alter its position, notwitha-t. 
motion of the earth on its axis, and that the telesco 
any interference on the part of the observer, should 




-oxid, third, 
:^£ojr a more 
zMiaciKockTiy and 
a^lso given, 
•oxia nebst 
^riie tele- 
• j>liotog- 
E^ of I860, 
'^^^ "by Sec- 

'•^■^<i of im- 

'^ "fclie sun 

=>:k=^ give a 

■^^'^^ii.eii the 

fc ^s-tations 

^^'^=>Sether, 

^^11 aa of 
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ciBely the apparent motion of a star, or any other object in the 
heavens; 3. Tlio photographic apparatus, which, in its connec- 
tion with the telescope, coiisiets only of a contrivance for holding 
the shdo containing the prepared plate in the place where the 



Pia. 11 a. 




image is formed by the objeet-HaBs a,,^ 

tlie fraction of a 



\ 
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' for a much longer period, according 

ontrivance must be fixed at the upi>^ 
be, according as the telescope is a i 
hat is to say, whether the image be foi 

5. 110 is shown the photographic refii.^^-* 
Browning for the Indian Government, -vinZ^ 
lant took photographs of the eclipse ^r:^^ 
1868, at Guntoor. The tube A A is ^:^< 
bree pieces, connected together by the t^^*^ 
tins at the lower end the concave mirror* 
J. 111). By means of two projecting scre^^^v^^ 
sily so adjusted that the rays reflected fr-e:^ 



*lz« will of the 

e<5<>o:r -or a re- 

.^ \>y ^ xnirror 

^-m-t^:^ -fc^lescope 

i<5ll. Colo- 

iStli of 
<3t;ed of 

c c, 

ilvered 

i.^ xxiirror 

«; to the 




Fia. 111. 




3 



jiiB A 

Path of the Bays through the Telescope. 

rror m n^ and thence to the opening E, shall 
sharp image of the object to be observed, * 

selescope A A is attached to the declination a.3 
•alanced by the weight D ; close to this couat 
s declination circle, by which the angle the tu 

direction of the pole is measured, 
hour-circle E is fastened to the polar axis G G, a 
right ascension on the fixed vernier H. On t 
aifl circle are three friction-wheels, two of which ^ 
Irawing, by which the friction of the polar ax:i 

to the axis of the earth, is so reduced, that 
hung at D on the declination axis is sufficient -< 
:he movable part of the instrument, weighing ab(^ 
ght of the instrument is coxmterbalanced by the 
N" attached to the end of the polar axis, and the t^ 
poise D, and the cfarcle E, with its driving-screw, « 

equilihrimn. The polar axis G G carries the < 
, made of gun-metal, which is set in motion by irx 
16 
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ao enclless Bcrew placed imderneath ; the axle-bed S of this screvi 
can be moved aside to allow it to be placed either in or out of 
eontact with the teeth of the driving-wheel I, a contrivance re- 
quisite for euabhng the observer to turn the telescope by hand 
in any direction, and fix it on the object to be observed : when 
this has been accomplishedj and the screw S is pushed back into 



Fn>. ua 




i ^5 

^Jffr-pioce Tube vt tht! I'hutographjo Telescopa, 

SUr^'^f "^ \ '^' *"^'"?l" '^^ ^''^y b- '"oved as the clock 

aidare\>rr.n"7f " "'" ""''?'''^ "' *''*' «y»''™ ^^onze case T, 
and are propelled by means of the driving-weight U: the gov- 

z^n^irr'' ': '""^''T ''''' ^1-1^-1-^ Bete 'in is>; 

axis G G ' *"™' '^' dri.i„g.wheel I and the polar 

oi yUiiJi ,b 94 mt-lies, will, ae shown in Fi* Ul, be reflected 8o 
as to iin.tc at the foc-us of the min-or distmt VftQ • t. 
cepting the rays dose in front of fbl fA, i . • ? '°- ^°*^'"" 

agonal mirror m n, irw^eh L J ?^'"* ^ P^^^"*^ *^« ^- 
^idewa,., and thrown i^to thteJ^tu'rR ''%! ™^' -e redected 
what bevond the tube 1? tr e- - ^"® ^J^ ^^^^ some- 

tond« an angle Vat utaTt^t't '"' '"> "« *^« ^^ ^^ 
somewhat more than three mmrh! ^^ '''^ ^* *^« ^"^^^ "^ 

The eye-plcce tnbe ^ e" effor th" "'^'^ '" ^""^«*«^- 
graphic Blide, and for this ^^-f reception of the photo- 

Whichia entirely closed frl^^^XL^nn?? %"?''" ^ ^^^^^ ^^2)' 

"* bgbt and duat by means of two 
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y, and wldch can be moved in and oixt; 
1 screw d. At the end of this inner "t 
. 113), which holds the sensitive plat© ] 
)ii of the photographic image. The co:Mr»- 
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-fcli.^ -%jL&^ of the 
CU is -fclxe slide 
-^^^i £or the 
c^tioxx of this 



Fio. 118. 




Slide of the Photographlo Telefloope. 



: slide \vill be easily understood from the dxr£^ 
opaque shutter J has been pushed in so as t<z> 

silver wires, the prepared plate is laid upon fcln^^^ 
d at the coniers, and the door a shut: the sli<i^ 
:ed at the end of the tube c (Fig. 112), the shutt ^zxr ^ 
I the plate exposed to the action of the light ; <s^ft < 
3osiu-e, 6 is again pushed in, and the slide takers. 
iced in the telescope by another containing a xxc 
ite. 

In order to avoid delay during the short duratio 
c dark slides with as many sensitive plates wef^ 
rehand for photographing the phenomena. To s^ 
et definition of the cross marked by the four siX 
ich plate, the purpose of which was to show the 
f the sun's axis upon each photographic picture, tlx 
'laced at a distance of only y^ of an inch from "tXx 
he prepared plate, without, however, interfering vv^-fc;;^" 
)f the exceedingly thin shutter J, which moved 'U.;r> 
svith safety between the wires and the plate, touchin^^ ^ 
one nor the other. The focus required for the plat 



3^13 



■^Vhen 
"^Ix^ four 
ledges 
*^t^^n in- 

out, 
^^^itable 
^^Kid re- 
*^I>a.red 



*-^« -per- 
^^s on 
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say, the distance tlie tube e (Fi>. 112) had to be witbdrawn from 
R K — wafl ascertained hy previous triak ; for this purpose a 
round sliding shutter was conBtrufted at the back of the door a 
(Fig, 110), whieh when opened idlowed of a view into the interior 
of the dark ehde on to the ground ^lass. 

The two pictures represented in Fig. 114 are faithftil copies of 
the pilot Dgrapbs taken by De la Rue at Rivabellosa, in Spain, on 
the ISth of July, 1860: the first shows the appearance of the 



Fio. 114. 




To.^ i>iiM.. of.,.,, „, .50<>.-aZZ!rTTn>TKu^ 



ec-lipso at 31.. 0,„. 40b.; tho second at 31.. n... '^Oe, C M T 
llie corona appears aa a Rnft ™,^*.i v i a<>B., Ci. M. T. 

black n.oo„; li p^o.n nence^ fan ^ Lf ;' '""-"^ ^^^^ ^^-^l:^ 
ent parts of tho ioron., and amani ^ f^,^""«P'^»«"Bly i" differ- 
side assumed the form .ompldCSc K ^ """f ^* ^^'^ "PI"''' '«<* 
ter and reached the enorn.L,s L ^hl^c i T^.'-^^ ^' 'V^-^J!!^ ^-i-- 
of the halo emanatinir fn.m h,p ,.,■ . » -^*' "^ ^^^»- The ravs 

f.iint to make any impression on the vaZ^' \ t'**^ ^'S^'t was too 

Since these pictures were f.klV ^*P^"° P^atea. 

teredtho service of astronomy, and LT""*'"''''' «"«l.vsis has en- 
the labors of Kirehhoff, so indisnentli ^'^ '^""^ered, mainly by 
the sun that the spectroscope ClTZ^^ *'^. ^^' "^vestig-ationi of 
requisite apparatus for observinTt] " J ^" '"^P^^tant Jart of the 
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measuring the amount of light, it may be supposed that for the 
efficient use of so many delicate instruments, and the observa- 
tion of so many phenomena, several experienced astronomers, 
photographers, and physicists, are required at each station, and 
therefore the outfitting of an expedition for observing a total 
solar eclipse is both a difficult and expensive undertaking. 

51. The Total Solar Eclipse op August 18, 1868. 

This eclipse afforded a remarkable combination of advanta- 
geous circumstances, and excited considerable interest from the 
fact that it could be well abserved from many stations widely 
separated; and also that the duration of totality, being 6m. 50s., 
was very nearly the greatest that can ever occur in an eclipse of 
the sun. 

A total solar eclipse is a phenomenon of rare occurrence at 
any fixed spot ; the last visible in London took place in 1716, 
and the first in this century to be seen at Berlin will not occur 
till the 19th of August, 1887, while in Paris there will not be 
one during the whole of the nineteenth century. The eclipse of 
the 18th of August, 1868, offered sufficient inducement there- 
fore to assemble the scientific men of all nations for its observa- 
tion, and it might perhaps be asserted that it excited the interest 
of all nations in a higher degree than any other astronomical 
phenomenon of this century. The zone of total darkness passed 
over the southern part of Asia from Aden, across Hindostan, 
Malacca, Borneo, Celebes, etc., in a breadth of 138 miles, and 
expeditions furnished with efficient and costly instruments were 
sent out by the North-German Confederation, Austria, France, 
and England, under the superintendence of well-known astron- 
omers. 

The zone of totality from Aden to Torres Straits is repre- 
sented in Fig. 115, in which the various stations are marked : 
the central dark line denotes the middle of the shadow where the 
duration of totality was greatest. According to a calculation 
previously made by Dr. Weiss, of Vienna, the sun rose edipsed 
in that region of Abyssinia where the Blue Nile begins its north- 
ward course. The nucleus of the shadow grazed Gondar with 
its northern edge, passed over the lake of Zaka, and by the straits 
of Bab-el-Mandeb to Aden, the first station marked in the map ; 
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6in- 




His, to 5m. 4^18, In the Bay of Benfi:al and in theMalay penin- 
Bula (Wlia Tonne) tlit: duration of totiil darkness increased till in 
the Gulf of Siam it attained Us maximum of Bm. 508. The zone 
of totality passed then throngh the southern point of the Anamba 
I&lands, over the northern portions of Borneo and Celebes, and 
tlirough the middle of the Molucca group. The cone of shadow 
passed farther over the southern bay of ISTew Guinea, the north- 
ern point of AnBtralia, and finally over tlie Pacific Ocean to the 
Kew Hcbridesj ^here the sun must have set wbile still eclipsed. 
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TOTAL ECLIPSE OF 1868. 

le North-German Confederation Ben.t 
e of which, consisting of Dr. Thiele Xjt" 
5onTi, and the Beriin photographers I>xr^ 
:sch, selected Aden as a station ; w h i -i "1 
5rer of Anclam, Dr. Tietjen of Berlin.^ 
ic, and Koppe of Berlin, repaired to 

presidency, fonr miles south of Beeja j>ci> 
he Austrian expedition, under Dr. W^m. £ 
ival officer, Lieutenant Rziha, remain^<i .^'t; 

division of the North-German Confede:K7-.^i.-fcxon_« 
ranee also sent out two expeditions ; ttM.^3 :CLfis-fc 
3rintendence of Janssen, an observer gr^^s^m.^^y ^j38z~^> 
mm investigations, %ho selected the sta.-fci<i^xx <z>d^ <3l-"ixiitoor • 
►nd, comprising St^phan, director of tK^ o'bis.^zK-^^^^-toi-y at 
les, and among others the physicists Eaj^^-fc ^xxci ICiissoi'aiid 
I engineer Hall, was sent farther east, and i&'fc.a--fci4:i^:i2i.^d ttem- 
.t Wha Tonne, a small place near the sea, izKim. "tln.^ T^^xxinsnl 
icca. 



<I>;f>j>oIzer, 
^^<i^xx with 



£Ls under 
jrienced 



-^=>^y 




The English expeditions were also admiiKr; 

) tinder the conduct of Captain Herschel 

I the western coast of Southern India, at ^ 

orhood of Belgaum ; another detachment- 

md Tanner, was stationed at BeejapooiBT* 5 "vv^lxil, 

itended by Colonel Tennant, and equipj>.^<i ^is-n^^=« 

rraphic purposes, occupied a locality farttfc.^^:^- ^^^^^-tz 

vhere Janssen also was stationed. 

The Jesuits at Manilla, in the Philippiizfc.^^j3 dB-f--#- 

expedition, consisting of Fathers Fauro, N"o:ki^ ^XI 

aed at Mantawaloo-Kekee, a coral island at; 

ulf of Tomini or Garontola, where in coni.^j^ 

Oharles Bullock, of H. M. S. Serpent, the ^^c^'Xi-r^ 

i with good results. This station was in 0*=* ^^ ^^^c ^^ 

de and 123° 2T 27.5' east longitude from G^i^-^^ ^ 0_ 

esides these very complete expeditions, fum^Xj^^j^^^ 

site instrumqit for scientific investigation, tli^^s^-, 

te individuals, some possessed of very good "fc^^-j^ 

ening to be in the line of totality, observed "fcltx^ ^^^^I^ 

eworthy zeal, and obtained some good ^^^^-^^jJ^*^^^ 

) was Captain Eennoldson, who crossed the liu:^ ^ 51* 

ocean in the steamer Eangoon, and the fc>x:»:»* , ^l:^ 
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took during the totality were among the first pictures published 
of the eclipse. The eclipse was observed also by the Governor 
of Labnan, Mr. J. Pope-Hennessy, t,n the west coast of Borneo, 
in companj with Captain Reed and others, and the account he 
gave of the phenomena of the eclipse, with the readings of the 
barometer and thermometer during ita course, is of the greatest in- 
TI'to ,'^'^°^'> « to^n "ea«- BeUary,in 16° 37' north Latitude 
and 7T 20' east longitude, Lieutenant Warren, possessing a good 
telescope watched the phenomena of the eclipse with care, and has 
published hia observations, including the variations of the ther- 
mometer. The Dutch doubtless sent an expedition to the zone 
of totehty from their settlements in the islands of the Archipel- 
pSred"' ""^ P"^^'"*^^*^ account of their proceedings has yet ap- 

r«,r'*^S^ P''^"' ^^ ^'^^^ '"^ "«'^' ^« ^^ pass over the 
results of the various expeditions as far as they are purely astro- 
nomical, such as the measures in position and^SS of^the 
prommences, and the observations of the polari^tioW light i^ 
the corona, as well a« those that relate to th^ xro -i «^ fi- Zt 
and heat, the dmnges in the densUv of th 7*"»^«^« «f ^^^ 
order to dwell in detail on t^se LLe^a"- "T'^^.^'^-V'" 
tography and spec-trnm analysis since th? ""^S^^J^ hj pho- 
importance thatSheir full dli&ZZ '^Z T ""^ ^'^ ^^^ 
realized. "'gnmcance cannot as yet be fully 

1 ^^f^otog^pWc pictures of the eclipse of tK^ -,o.^ 

^J. Tho E.«UA e.p.dW„„ « G„.to«r,^<,e, Co W Ten- 

The results obtained by Dr. Vq^pI *», ^ 
be narrated in Ms o,.-n words; hfL^t^ ^* ^^ ^^^ list, shaU 
steamer in which he and his par y ^tu^ ^ ^ ^°^*>^«» ^om the 

nat?o" °'^^*^'^'^« °f the sky was ^verJl *^^ "^^^^ of August. 

Se d^I ° *?^ "' "^'^^y P'^'t^res of "tk: ^^ *a«k before^ 
able durmg the three minutes, the durati^ J^,«^*>°^eua «« Pos- 

<** totaUty at Aden. 
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1 purpose we had regularly drilled our^^ 
tograpliic telescope, like so many artilX 
cscli prepared the plates in the first tent ; 
le insertion of the dark slide into th^ 
5d to tlie exposure of the plate in the t^^ 
of the clock followed the course of the 
that its image remained inmiovable xi^jp^ 
and I developed the pictures in the secoi:».<3 
1 by experiment that it was possible in tlii^^ 
es in three minutes. The decisive monzM.^ 
earer ; to our great joy the clouds we lr£k<3. 
io much anxiety began to break, and the i 
eclipsed, appeared occasionally as a cresc34 
overspread the landscape, something betw^ 
light. The chemical action of the light 
.... The crescent kept diminishing — ^th^ 
Is seemed to increase ; we began to hope, 
totality, which commenced at 6h. 20m., dC 
Fritsch and I hastily crept to our tents, and. 
3-g unfortunately nothing of the totality un.<l 
ces. Our work began. The first plate was c 
seconds, to test the right amount of exposixx*^ 
black servant, brought me the first dark slid^ 



»^ nxn. 
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•fclx<3 use of 

Ic^x- Tiiider- 

-• Thiele 

<^€>jp^^ ^^ivlxicli by 

-w^ltJbM. ^ia.cli pre- 

^^xxt:. "'We liad 

,y "fco "tii-ke six 
"fc <3i^xxTi^ XI earer 
l>^^x:i_ "^;^i?'.«i.t:cliirLg' 
^Tx-^.^<iy par- 
=^"fc- ^ ^^ ^ti-ang-o 

li^ht and 
^^<3^ eiciingly 
*=^^ in tlie 
^■"^^i^r^i^-txte be- 
•a'X>i<aijr by. 
* ^^<i tbere, 
^^ <3Lrciira- 
^ :fi.'v^e and 
^ l^«-xirmed. 



l>r 



tlxc3j 



. had just been exposed. I poured the de^r^i^^^-p^-j^^^^^^^ ^--^-^^ plate 
iron over it, looking eagerly for the expect^^ i'K^r^^. ^^i^tion 

ip at this moment went out. * Light! lig-lxt; 1 ^ t*^ -^s*^- My 

§ht!' but no one heard; everyone had eixo^x^^It^ -*- ^^^^iled 

ight at the outside of the tent with one haxn. <!____>_ -^^^^ <io. J 

^i^^x^gtbe 
^^ X had 




ite in my left — ^and happily found the oil-lart:i^f> 

iced there lighted in case of accident ; then H 

lageof the sun appearing on the plate. (Fig. Xll^^x^ 

Ige of the moon was surrounded by a range of ^«*^:»:rx^:»-Xi- 

itions at one side, while on the other there wet^j^ «,x^ ^^ 

airy horn or protuberance. Both phenomena -v^ 

aalogouB in the two pictures on the same plafc^^ 

as great, bnt it was no time for rejoicing. Tlx^ j^ 

7aB soon brought me, and a minute later the thi x^i^ ^^^ 

ay tent. 'The sun is coming 1' called out Zenlc^-^. 

Ality was over. All seemed but the work of ^^ ^^_^ 

rapidly liad the time flown. The second plate g^.>?-^ 
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small 

*^1« ele^ 
^^■^^'Ordi-^ 
^^■^^fV^ctly 

^^* X>la,te 

^*^^ to. 
J"^^- so 
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i.g only faint traces of an "-»^; - V't'whS W TZoSf^l 
tli was explained by thin pas^mg donds -^^f]^^^^ ^^,^ (Fig- 
tirdy interrupted tlie photographic 't<=tu.n. Tho tUir jp , 

117), taken during the third minute of totality, ehowea 




Total Bolnr EeSttise of Augujil la. 18^— <Ob6orvt«a at AdcD.> tlli-t^re l.> 

ci'i^sfiil pictures, with proiniiicncee on tlic lo\^"er liinb, as Been in 
till uivertiii<; telesL'ope. The fourth picture (Fl<^> US) was taken 
at tlic lii^t inouii-nt of totnlity, and t^xliibitcd yet more plainly 
t!ic prcmuncTiues thiit had already appeared on tlie Nvci^tem limb 
of the sun/'' 

By luiitiiig in one drawing (Fig, 110) the vai-ious photograpWc 
pictures taken diirin^: the totality, a very Ciirrect conception may 
be formed of the way in whieli the proinineiieos were arranged 
round the film's linib at the time of the eclipse. The chemical 
action of the light of the corona was not eufflcicntly powerful to 
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.ny impression on the prepared pla-fcc^ <:iijx: 

cxposixre ; but through the telescope, .^^:in. ci 
,ted eye, this phenomenon was seen ^^fc ^^v?- 
glory. 

Fig. 117 
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Total Solar EcUpse of August 18, 18«8.-<Adon.) (I»t5c=5t»^; 



«-> 



t^lixc- 



sxx:r>. 




The great prominence on the eastern limb c^f 
\cvation of about one-fourteenth of the sun's di 
;i),000 miles. 

In the various drawings of the totality, moi*^^ 
executed, which have been contributed by diiQp^ 
the prominences are very differently repres&x:^-^^^^::. 
size and position. After rejecting those unw<:> 
prepared for sale which are finished merely fo^T- «>^-f=*> 
to the fancy of the artist, the chief cause of tlx^^ ^c*t; 
will be found to arise from the fact that the 8rx:j-^:> ^isc*^ 

a different position with respect to the horizon ^^-^ ^i^ld 

observed at sunrise, noon, or sunset. The ss^x^::^ ^^"""^i^i^ji 
therefore, appears to occupy a different posifcxc:^^-^ I^^^o 

to the horizon in a picture taken early in the rrx<:-^ ^^^^*t^lx 



^ad an 
^bout 



to that in which it appears in one taken at i3ai<i_^,^^ 



^:>- 



efully 

^*^ as to 

'^^etions 
^^ox-ding 
"" anciea 

^^ it ia 

^xxence. 
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An..thc. «u.^ of disorcpancy i. to be found in ^^-^^'^y^l^^jl 
time (al.o»t Bcv.,, hour.) betw.L-n the extreme ^^.^'J^ °* "^^ »t 
ti-al Une of totality or zone of observafon, one ot v,hicli was 



Fio. 11 a. 




Aden au(l the i.ttber :it Celebes, ami tlurinur this tinie great ^ 
diatiges mity liave (»uevirfi*d in the positiuii and sizo of the prom- 
inences. AVhen it is rouiembcred al^o that tlie inia^e of the 
eclipsed &mi appeari^ inverted in an astronomical telee^cope, the 
nppt:r ]nirt bciiijL;: s^een beluw, and the rit^lit side reversed to the 
letij it will etit^ily be \nidt;rst<Kid that tliu variotis drawings of 
the et^H]iBe present different a]\pearances according tti the place 
whence the plvt^uoniena were Heen, and whether observed by the 
unasaistL^d eye or by an inverting telescope, 

^^^len the mn at n^jon ban reached its greatest altitude, the 
higlieet point Is the trne north, the lowest point the tme south. 
Standing face ti> the Bitn, the cast lies 90^ from the iiurth point 
to the left, and the west as many degrees to tlio riffht A 
glance at Fi^, 120 will slu.w this x.,ore clearly ; auppoSng the 
Bnu'eeircmnfcreiiee to be divided into 360", and the north point 
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loned as 0*=*, the point of due east lies 90** t:<z> 
sou til point 180°, and the west 270°. 

Fio. 119. 
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lc3ffc of nortb.. 
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Union of the PromlnenccB in one Drawing. 

It' the sun be observed at any other time o:t^ 
line represented by the cross-wires forms the api>^^ 
south line, the upper end of which is called th^ ^ 
point, and the lower end the apparent south poi 
fore easy for astronomers to calculate the true no 
and place from the apparent north by means of 
the time of observation, as well as to determine 
telescope provided with a suitable micrometer, tiH^^ 
the apparent north and south line makes witbi 
drawn from the centre of the sun to its circumfei:»^^^^ 
fore, this angle — that is to say, the apparent posifc^ ^* 
ticular object on the limb or disk of the sun, a 1>:^-^-^ "^ 5^*^ 
solar spot for instance — ^be measured and reduo^,^-^''"^-^^*^^^ 



*^^li and 
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north and south line, and the rni^^le tlius detenu incci, or tlio tnic 
position be drawn out iii>on a diagram of the snn's disk, divided 
into degrees {vki^ Fig. 120), tlio correct jilace wliich the olvjeet 
occupied on the sun will tiic^n he found, whatevxT the position of 
the sun in the heavens may have been at the time of observation. 



Fiis. \^\ 







l*\i?. 10ft .fM-pii .1 , ; * 
■ on.ov,.i h-om tl,e trno norS ^ "°''"' ?'''"' ^"^ considerably 

-'is the (lisle ,jf tj • 

totality conceiurie M-ith t ■?. '^/^ "^ver during any n-n-f .f o 

^ i-U) was about 80^ To 
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assist in estimating the positions, the four true points of the sun 
are given in Fig. 116 and following pictures of the eclipse. 

The photographs obtained by Colonel Tennant at Guntoor ap- 
pear at first sight to have been less successfol than those taken at 
Aden. He exposed six plates, in all of which the prominences 
were sufficiently well marked to allow of the photographs being 
compared one with another. Plate VII. exhibits exact copies 
of these photographs, published with the cooperation of Warren 
De la Rue ; the upper picture shows the eclipse at the commence- 
ment of the totality, and the lower one immediately before its 
cessation. In all the pictures the same large prominence appears 
which is to be seen in the photographs taken by the German 
expedition, while the configuration of the smaller prominences 
also seen in each plate presents a different appearance in every 
picture. 

Warren De la Kue has superposed magnified copies (some- 
thing more than two inches in diameter) of Tennant's six original 
photographs, and, by a careful estimation of the sim's centre and 
the exact coincidence of the large prominence in all the pictures, 
has composed a drawing (Fig. 120) which not only gives a repre- 
sentation of the prominences that made their appearance during 
the course of the eclipse, but also shows clearly by the first and 
second inner contacts the beginning and the end of the total 
darkness. In the figure the shaded disk I, I represents the sun ; 
n, II denotes the moon's disk * at the moment of second contact 
2 (first inner contact), when the totality began, and the large 
prominence A appeared on the sun's eastern limb ; III, III is 
the moon's disk at the tliird contaict 3 (second inner contact) ; the 
drawing also gives the position of the sun's axis, the direction in 
which the moon's centre was travelling from west to east, and 
indicates by the dotted lines over the prominences a peculiar 
faint glimmering light which appeared on the eastern side, and 
was invisible in the telescope on account of the brilliancy of the 
corona and prominences, a phenomenon the nature of which, 
unknown as yet, may perhaps be discovered at some future 
eclipse. The spots drawn on the sun's disk are those which were 
photographed at the Kew Observatory on the day of the eclipse. 
The corona and the halo are both wanting in these photographs. 

The expedition of the Jesuits from Manila did not arrive at 

* For the sake of dearnees, the disk is drawn a little larger than it was m reality. 
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the place of observation, owing to ,an accident to the machinery 
of the vessel, till the evening of the 17th of August, the day be- 
fore the eclipse, so that no photographic experiments could be 
previously made on the spot selected as a station. The eight 
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Total Sokr Eclipse of Angnst 18, 1848, at MaDtawaloo-Kekee. 

instantaneous pictures of the principal phases of the eclipse were 
successftd ; but, of the four plates exposed during the totality, 
the second only, which was exposed twelve seconds, showed any 
trace of the corona. This loss was fortunately, however, repaired 
to some extent by immediately tracing upon the focussing-glass 
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of the camera the image of the totality as it appeared upon the 
smoothly-ground glass, and permanently fixing the drawing thus 
made. 

Fig. 121 gives a view of the totality as it was seen at Manta- 
waloc-Kekee during the last 2m. 258., therefore just before the 
reappearance of the sun's rays. " Scarcely had the last ray of 
simlight disappeared," writes Father F. Fauro in reporting the 
results of this expedition to Secchi, in Rome,* "when the mag- 
nificent corona or aureola burst into view, as by enchantment, 
roimd the black edge of the moon. The form that it assumed is 
shown in Fig. 121, but the color was beyond the power of any 
artist to paint. All observers agree that it resembled mother-of- 
pearl, or pure unpolished silver, but far more beautiful and more 
intensely brilliant. The corona consisted of three principal di- 
visions: the first was a narrow circle of intense white light, 
forming an even band round the edge of the moon ; the second 
extended farther out, gradually diminishing in intensity, but 
preserving tolerable regularity of form ; the third was composed 
of a very large nmnber of rays which possessed various degrees 
of intensity, and radiated with great irregularity, some reaching 
to a distance equal to more than double the diameter of the 
moon. The aspect of the rays changed slightly from one mo- 
ment to another, and it deserves special notice that a somewhat 
brighter line was seen to cut obliquely through the lower (?) 
stratum of rays. This line represented a ray of light which 
made its appearance five minutes after the conamencement of the 
totality, and remained visible as long as the darkness lasted." f 

From the communications received from the various expe- 
ditions, it seems conclusive that the halo of the corona presented 
a different appearance at each station ; but, as the drawings of 
this phenomenon were made from estimations taken merely by 
the eye, their accuracy is not sufficient to warrant any conclu- 
sions being deduced from them. We shall enter more ftdly 
upon this subject when we come to speak of the spectroscopic 

* The Ml aooount is to be found in **Katiir nnd Offenbaning,'* 1869, p. 145, and 
.also in the " Wochenschrift fur Astronomie nnd Meteorologie ** (HaUe, 1869X in 
papers communicated by Prof. Heiss, from the *' Bulletino meteorologioo dell 'Osser- 
▼atorio del GoUegio Romano '* (toI. vil, Ko. 12). 

f Similar phenomena were observed by Hazette and Dalbiez, at Perpignan, during 
the total eclipse of 1842 ; and by Stenglein, at Pobes, in the edipse of the 18th of 
July, 1860. 

16 
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observations of the corona, and the various theories that have 
been propounded as to its nature. 

With regard to the inner portion of the corona, the observa- 
tions made at all the above-mentioned stations concur in this — 
that all light was not extinguished during the totality, but that 
immediately after the disappearance of the sun (contact 2) the 
intensely black disk of the moon was surrounded by a very white 
and brilliant narrow ring of light, from which the pale-red prom- 
inences projected at various places. The Austrian observers, as 
well as the French observers St^phan, Tisserand, and Janssen, 
speak very decidedly of the formation of an intensely bright and 
very narrow ring of light immediately round the edge of the 



Fig. 18S. 




Solar Eclipse of An^ost 18, 1868, observed ftom the Steamer Bangoon. 

moon ; there is, therefore, scarcely any doubt that the lower part 
of the corona belongs to the sun, and that this dose cyypendage 
qf the sun is highly hmdnous^ hut that the iAfitensity rapidly 
'dmiiniahes at a Utile distance from the edge. 
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The observations of the totfd solar eclipse of the 18th of July, 
1860, in Spain, when the prominences were photographed (Fig. 
114), as well as examined telescopically by many eminent as- 
tronomers, left scarcely any doubt that these remarkable forms 
are of a gaseous nature, and belong, not to the moon, but to the 



Fio. 188. 




Solar Ecllpso of August 18, 1868^ obtored at Wba-Tonne by BtAphan. 

sun. The eclipse of the 18th of August, 1868, afforded an op- 
portunity for acquiring complete certainty on this subject. 

At the same instant that the corona started into view, the 
prominences also became visible on the eastern limb of the sun, 
precisely at the spot where the last rays of light disappeared at 
the commencement of the totality. The first of these promi- 
nences, to the left of the vertical line (Fig. 116), was of an ex- 
traordinary height, and shone with an intense rose-colored light ; 
the other prominence at the right side of the vertical line was 
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of a similar color, and of equal brilliancy, but was neither bo 
high nor so beautiful in form. 

Fig. 122 shows the great prominence as observed from the 
steamer Rangoon at the beginning of total darkness, when an- 
other prominence, much less in height, but spreading much 
fEtrther along the sun's limb, made its appearance almost simul- 
taneously upon the opposite side. 

Fig. 123 represents the prominences as they were drawn by 
St^phan during the course of the totality at Wha-Tonne. 

Fig. 124 is in connection with the more complete picture of 

Fio. IM. 




Solar Eclipse of AnguBt la, 1868, obseired at Mantawaloc-Kekee. 

ithe totality shown in Fig. 121, and merely represents the promi- 

.nences as they were observed at Mantawaloc-Kekee by the 

Jesuits- from Manila 2m. 25s. before the reappearance of the sun. 

Li explanation of this picture, we give an abstract of Father 

iPauro's communication to Secchi. 
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The breadth of the great prominence a was 1° 40', that of 
the second one P amounted to 9° at the base. Scarcely had 
these prominences made their appearance when a third promi- 
nence 7 broke out from the western limb of the sun, and gradu- 
ally increased in size and beauty as the moon passed over the 
sun from west to east (wtfo Fig. 120), The phenomenon 6f 
the gradual disappearance of the prominences from the eastern 
side, and the simultaneous increase and extension of those on the 
western side, was distinctly seen by all observers. The height 
of the two prominences a and /3, the moment they appeared in 
view, was respectively 3' lO'^ and 1' 15*, and on repeating the 
measurements after an interval of 3' 10*, when the totality was 
about half over, their height was found to be 2' 12* and 0' 18*.* 
The prominence 7, which was seen at first with difiiculty, was 
gradually disclosed as the moon passed on, and when fully visible 
presented the appearance of a long chain of mountains. It ter- 
minated very abruptly to the left, as if suddenly cut off, while 
toward the right it gradually diminished in height until it was 
lost behind the dark disk of the moon at the spot where the 
corona exhibited the greatest amount of irregularity. 

In the same picture, Fig. 124, a fourth prominence S is seen 
to the left of 7; it was completely separated from the other 
prominences, and presented the appearance of a cloud :t the 
color was neither so brilliant nor so uniform as that of the 
others, and it exhibited some dark streaks similar to those ob- 
served in other prominences ; its breadth amounted to 5*^ 30'. 
Finally, a small prominence e made its appearance half a minute 
before the end of the totality, to the right of the chain of rose- 
colored peaks ; it was perfectly detached, and bore a great re- 
semblance to 8. 

The color of the prominences was described in very different 
terms by the various observers ; it was designated by most of 
them as pale red, by some as scarlet, by others again as rose-red 
or pale coral-red, and by Tennant as white. , 

* One second = 450 mile8.f As a rule, one second of the measured angle of an 
object seen upon the sun from the earth may be reckoned roundly at 100 Qerman 
geographical mQes, and one minute of the arc of the sun's circumference as 122 miles. 

f In later obserrations by Zdllner, Lockyer, and Toung, to which we shall haye 
occasion agdn to refer, the same forms are repeatedly exhibited. 



t [Mare aoeoiately, 1^' IB eqaal to 445 mOee.] 
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52. The Total Solar Eclipse of August 7, 1869. 

This eclipse was likewise invisible in Europe; the zone of 
totality stretched from Alaska, where the eclipse began at noon, 
over British America and the southwest comer of Minnesota, 
then crossed the Mississippi near Burlington (Iowa), and passed 
through Illinois, Western Virginia, and North Carolina, reach- 
ing the Atlantic Ocean in the neighborhood of Beaufort. 

The event excited the most lively interest among astrono- 
mers and photographers throughout the whole of North America, 
and occasioned the equipment of a number of scientifie expedi- 
tions, which were also supplemented by the valuable labors of 
many private individuals. The observers were in almost every 
instance favored with the finest weather, and their efforts were 
rewarded by a large collection of photographic pictures, and 
many valuable spectroscopic and other observations. That por- 
tion of the zone of totality which traversed the inhabited parts 
of the United States was studied everywhere with telescopes, 
spectroscopes, and other instruments of observation, so that the 
whole of this tract of country became one vast observatory. Al- 
though the duration of totality was less than in the eclipse ob- 
served in India (1868), yet the phenomenon was attended on the 
whole with many more favorable circumstances ; the heat was 
less intense, the places suitable for observation were much more 
conveniently situated, and the sun's altitude was not so great as 
in the eclipse of 1868. The most important points of investiga- 
tion had reference to the scrutiny of the prominences by means 
of photography and the spectroscope, the examination of the 
nature of the corona, and the search for planets between Mercury 
and the sun. 

The most complete expeditions were those sent out from 
Washington, one from the Nautical Almanac Office, the astrono- 
mical department being under the charge of Prof. Coffin, while 
the photographic arrangements were conducted by Prof. Henry 
Morton, of Philadelphia: another expedition was dispatched 
from the United States Naval Observatory, under the superin- 
tendence of Commodore B. F. Sands. 

The first expedition, under the guidance of Prof Morton, 
selected stations in the State of Iowa, as follows : 

1. Burlington, where the observers were Prof. Mayer, and 
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Messrs. Kendall, WiUard, Phillips, and Mahoney, together with 
Dr. 0. A. Yonng, professor of Dartmonth OoUege (Hanover), 
well known as an experienced spectroseopist, and Dr. B. A. 
Gould, to whose charge the photographic department was com- 
mitted. 

2. Ottmnwa, where Prof. Himes, and Messrs. Zentmeyer, 
Moelling, Brown, and Baker, were stationed. 

3. Moimt Pleasant, occupied by Prof. Morton, and Messrs. 
Wilson, Clifford, Cremer, Eanger, and Oarbutt, as well as by 
some other professors, including Pickering, who were desirous 
of making astronomical observations on the physical phenom- 
ena of the eclipse. 

Stations selected by the second expedition : 

1. Des Moines (Iowa), where Prof. Newcomb undertook 
the observation of the corona and the search for intermercurial 
planets. Prof. Harkness the spectroscopic investigations, and 
Prof. Eastman the meteorological department. Several other 
gentlemen skilled in solar photography associated themselves 
with these observers. 

2. Bristol (Tennessee), where Bardwell, who undertook the 
observation of the corona, and other observers, were stationed. 

Besides these important expeditions, famished with the most 
admirable and complete means of observation, several scientific 
men were engaged at various points in the zone of totality, either 
in observing the astronomical details of the eclipse, or in inves- 
tigating the prominences, the corona, and their spectra. Among 
these may be ijaentioned Dr. Edward Curtis, who at Des Moines 
obtained no fewer than 119 pictures of the different phases of the 
eclipse ; "W. S. Oilman, by whom some most valuable observa- 
tions were instituted at St. Paul Junction (Iowa) upon the con- 
nection between the solar spots, the facul®, and the prominences ; 
J. A. Whipple, who with Prof. Winlock and several assist- 
ants procured at ShelbyviUe (Kentucky) eighty photographic 
pictures, six of which were taken during the totality, one of them 
exhibiting a complete and magnificent corona ; as well as Prof. 
G. W. Hough, director of the Dudley Observatory, who in 
company with nine fellow-observers recorded all the details of 
the eclipse at Mattoon (Illinois). 

Out of the mass of materials afforded by the observations of 
this eclipse it will only come within our province to communi- 
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eate those results which have reference to the physical constitu- 
tion of the sun, and were obtained partly by photographic delin- 
eation, and partly by the help of the spectroscope. Here, as in 
§ 51, the phenomena of the eclipse as exhibited in the telescope 
and on the photographic plates will first be described, while the 
details of the prominences and the corona revealed by the spec 
troscope will be deferred to a future page. The course of the 
eclipse and the photographic work carried on at Mount Pleasant, 
where the totality lasted two minutes, forty-eight seconds, is 
described by Wilson nearly as follows : 

" For some days prior to the eclipse the sky was overcast and 
threatened rain, but the 7th of August was bright, without a doud, 
such a day as had not occurred for months, and the sun shone 
with remarkable clearness and warmth. The moment of first 
contact arrived ; the first plate was already placed in the tube ; 
Prof. Watson signalled to us the moment for exposure by a 
motion of the hand ; .the instantaneous shutter was opened and 
closed, and the first picture was taken. We thus commenced a 
series of pictures taken at intervals of five or ten minutes till the 
commencement of totality, after which the series was continued 
on the reappearance of the sun till the termination of the eclipse. 
Darkness came on with the totality, but not the darkness of 
night ; sti^ it rendered reading impossible. The amoimt of light 
upon the landscape was scarcely equal to that of bright moon- 
light, yet it was suflScient for us to pursue our work. An instant 
before the commencement of totality the thin crescent of the sun 
was still quite dazzling; then the light went out as from an 
expiring candle. 

" There, between heaven and earth, hung face to face the two 
great luminaries, sun and moon, a large black round spot en- 
circled by a brilliant ring of deep gold-colored light, interrupted 
here and there by the brighter spots of the fiesh-colored promi- 
nences of irregular size and form, and surrounded by the mig- 
nificent corona, which shot out rays in every direction, faintest 
where the prominences were most conspicuous, but enveloping 
the whole with a glory which was marvellously beautiful, as if 
the Creator were about to show His omnipotence in this wonder. 
The phenomenon resembled a gigantic image from a magic- 
lantern received upon the heavens as a screen. Four plates were 
exposed, when suddenly the ftill significance of those words was 
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realized, ^ Let there be light, and there was light,' for a mighty 
flood of brilliant light gashed forth like the rushing, foaming 
waters of Niagara. The sun came forth like a conqueror from a 
battle with the Titans, and was greeted with acclamations by the 
assembled spectators." 

The three pictures of the totality taken at Mount Pleasant 
were not remarkably sharp, as the telescope was not furnished 
with a clock-movement : much better results were obtjfiined by 
the observers stationed at Ottumwa and Burlington ; at Ottumwa 
forty negatives were taken, four of which were during the totality ; 
and, of the forty pictures obtained at Burlington, six were taken 
while the totality lasted ; so that the expedition under Morton 
contributed thirteen pictures of the totality, several of which 
were of great excellence. 

A picture of this magnificent spectacle has been already given 
in Fig. 109, showing the prominences and corona after drawings 
made by Dr. Gould; the photographic plates, which were ex- 
posed for the brief space of from five to sixteen seconds, give 
only feint traces of the corona, on account of its light being too 
weak to produce in so short a time any chemical action on the 
prepared plates. Plate VIII. contains correct copies of the two 
photographic pictures taken at Burlington at the commencement 
of the totality and immediately before its termination. In the 
upper picture the first prominences are just becoming visible on 
the eastern limb of the sun, while those on the western limb are 
still covered by the moon ; by the farther advance of the moon 
from west to east, the eastern prominences are shown in the 
lower picture to be gradually disappearing, while those to the 
west are being revealed with increasing distinctness. 

Fig. 125 unites in one picture all the prominences as they 
appeared on the sun's limb during the course of the totality, 
whether as single and isolated flames, or in less definite forms as 
wide-spread luminous masses, arranged according to the measures 
obtained and the estimations made of their angles of position 
(p. 223). The prominences are numbered from 1 to 12, begin- 
ning at north and passing by east and south to west ; among 
them Nos. 4, 5, and 8 are especially remarkable from their form 
and height. No. 4, called " the eagle," rose to a height of 82''. 
No. 5, "a nebulous cloud of flame" extending from B to C, 
attained a height of 136^^; while No. 8, compared to "the head 
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of an albatross," measured 75" in height, whence it may be cal- 
culated that the actual height of these prominences must have 
been respectively 37,000 miles, 61,000 miles, and 34,000 miles. 







Union of the Promlnenoes In one Drawing.— (Total EoUpse of Angoat 7, 1869.) 

In the photographic pictures there was to be seen a glow of 
light of indefinite form (represented in Fig. 126 by an irregular 
dotted line), which extended from the pomt N toward the east 
nearly as far as S, and attained a maximum elevation of 2' 15' 
about half-way between the prominences 2 and 4, and again at 
a few degrees south of 5. In the vicinity of the prominences 3 
and 5, near the points where the luminous appendage had at- 
tained its greatest elevation, several tongues of vivid flame, sepa- 
rated one from another, rose high above the lower portions of 
the mass of light. The white nebulous cloud of light between 
B and C attained a height of at least 64,000 miles. A similar 
luminous cloud was seen in the pictures along the western side, 
extending from south to north ; it reached a maximum height 
between the prominences 11 and 12, and at the point N was cut 
off almost perpendicularly. 
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The dotted surface within the moon's edge shows the pro- 
portional size of the snn, as well as its position in the middle of 
totality. The arrow marks the direction of the moon's course ; 
but the fact, that the disks of the sun and moon were never per- 
fectly concentric during the eclipse, has not been disregarded in 
the drawing. 

In the photographic pictures the bases of the prominences, 
with the exception of No. 4, project within the cirde formed by 
the moon's edge, as shown in Fig. 125. The explanation of this 
remarkable phenomenon was thought to be found in the circum- 
stance that the photographic telescope, by following the motion 
of the prominences by clock-work, kept their image, immovable 
on the photographic plate, while the image of the moon, owing 
to its angular motion being different to that of the sun, continued 
to advance over the plate. Dr. Curtis, however, has strikingly 
shovm, by photographing from an artificial eclipse in which the 
moon was represented by black paper, notched for the promi- 
nences and corona, that tiiis projection of the prominence-images 
on the disk of the moon is caused by a kind oi photographic irror 
diation on the prepared plate, and is therefore an entirely me- 
chanical action which always occurs where an intensely bright 
object is in immediate contact with a dark one, and the duration 
of the action of the light (time of exposure) has exceeded the 
proper limit. 

The eclipse of 1868 observed in India, though furnishing so 
many valuable details concerning the prominences, was almost 
without results with respect to the corona. The various observ- 
ers of the eclipse in America were all the more eager, therefore, 
to examine the details of this remarkable phenomenon, its form, 
its spectrum, and especially its connection with the prominences. 

The photographs of short exposure (from one to seven sec- 
onds) show the corona only in its brightest parts close to the 
edge of the sun ; still they give, especially those taken at Ottum- 
wa, a tolerably distinct image of it, with nearly the same form as 
it presented to the unassisted eye. The curved path of the rays, 
and the varying intensity with which they stream out from the 
different points, can be distinctly traced in these pictures. The 
most brilliant rays agree strikingly in position with the light of 
those prominences which have the form of a pointed flame, while 
where the prominences resemble rounded masses a shadow seems 
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cast upon the corona. It is clearly evident, from these pictures, 
that the corona does not move along with the moon during the 
totality, but that it remains concentric with the sun. It becomes 
more and more covered at the eastern edge in proportion as the 
moon advances, and in the same proportion is gradually revealed 
on the opposite side. 

In order to obtain a complete photographic picture of the 
entire corona in all its parts, not only must the time of exposure 
considerably exceed that requisite for the intensely bright promi- 
nences, but the image of the corona must not be magnified before 
falling on the photographic plate. J. A. Whipple, of Bosjon, 
accordingly arranged his telescope for photographing the corona 
at Shelbyville (Kentucky) in such a manner that the prepared 
plate was placed in the main focus of the object-glass, and he 
employed forty seconds as the time of exposure. In this way a 
picture was obtained in which the prominences appeared only as 
bright spots, while the inner ring of Hght, as well as the outline 
of the whole corona, and the peculiar curve of its rays, are clearly 
shown. Fig. 126 is an exact copy of this picture, with the excep- 
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K»«togmrhlc Picture of Uie Corona. August 7, 18». 
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two pictures of the corona, one of whic^li*. 
.27, was taken at the commencement of 
fcher just before its termination. The in.- 
, the corona made its appearance as a ligli-fc 
with an exceedingly tender flush of a gre^ac 
:treme edges, and not the slightest chaix, 
V the totality in the color, the outline, o 
ys — an observation confirmed by Prof. 
>is), by Gill, and by several others. 
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The Coixitifl of tbu JiUzUpso of Angasi 7, IbtilJ, at LMa Mol«^ 



lo corona appeared to consist of two prii^c^i^j^ -• 
aer one, next to the sun, was nearly annuls.- *^^XX 
ion of about 1', and in color of a pure silvery 
portion consisted of i-ays, some of which ^-^^IT^ ^-^^ix 
into five star-like points, while the others a^^ 
ice of radiations, and were the most sharply- •^^Tl^^^^^^i 
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eoraim was scarcely visible between tlie prominences a and J. 
The star-like rajs attained a }wi^ht e4ual to hall* the diameter of 
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by the eye differ one from the other, and fr*c:^ 
* then, again, the photographic picture tafe^, 
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rived at the oonclnsion that Gould's three ^^^^^^^^ ^^S^ 
are not perfectly accurate, and that his viewa aa *« *»*J^f"^. 
Tthe Jrona, aL his explanation of ^PP^^^f ^^^^^d^t 
not be jiistified; but tha^on the contajiy, ^« ^^^J^^ ^nd 
change its form during the whole i«nod of ^^1 d«rim«8^ 
that the photograph referred to could represent nothing el» d 
the corona, 

58. Thb Pbominknobs and thkib Spbcttba. 
In the total edipse of the 18ih of August, 1868, the spectnua 
of the prommences was observed by Herschel at J/°^^^^^^ 
Ilaig at Beejapoor, by Tennamt and Janssen at Guntoor, by ruij 
et and Hall at Wha Tonne, and was found by these observers ^ 
consist of a few bright lines, from which they <»?^^^^^ ^^' 
these forma are composed of luminous gases of which ^7^^^^ 
gas 19 the chief constituent. The spectrum of this gas is charac- 
terized, aa is well known, by three bright lines (Frontispi^ iNo. 
7), of which the first, red, is coincident with the Fraunhofer ime 
C ; the eecond, greenish Uuey coincides with the line F ; while the 
third, dark Hue, lies in the vicmity of the Ime G {videYig. 6^, 
No. 2), 

Fig. 1 80 contains, in addition to the two comparisen spectra 
No. 1 (the principal lines of the solar spectrum), and No. 2 (the 
principal lines of hydrogen gas), the spectra of the prominences 
Not. 3j 4j 5, and 6, . as observed by Rayet, Herschel, Tennant, 
and Lockyer. 

Rayet, who preferred to keep his direct-vision spectroscope 
pointed exclusively to the great prominence, and employed the 
instrument in all positions, perceived nine bright lines, consist- 
ing of tliose corresponding to the dark lines B, I>, E, J, F, G, of 
a green line between h and F, and a blue one near G (No. 3). 
Theae lines appeared very bright upon the dark background, ^ 
that tiieir jwsition conld be determined with ease. The bright- 
lines D, E, F, were seen in the inverting telescope of the spectro- 
scope to be prolonged downward below the rest, as finer and 
fainter lines, and were thus turned away from the sun's limb, a 
phenomenon which seems to indicate that a portion of the mass 
of gloMring gas composmg the prominence stretches far upward 
into the sun's atmosphere in a state of extreme rarefaction. 
Herachel (No. 4) made use of a spectroscope speciaDy con- 
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I for these observations, and for the m( 
m lines. At the first glance the speetr""X"» 'w m^m^ of^ 
ippeared as a spectrum of three very l>:BrmU5^^ 
he orange line coincided with D, whil^ -t^TuB. 
icident with either B or C, nor did the t>l i:*-^^ li 
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Various Spectra of the Prominences. 



int (No. 5) employed a spectroscope similar fc^^^ 
ins in his investigations on the spectra of 'til:^^ 
17 
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aud the fixed stare. The spectmm of the promineuce appeared* 
to him as a spectrum of five bright lines, three of which were 
in exact coincidence with C, D, and b, while the greenish-blue 
line lay very near to F, and the dark-blue line near to G. Time 
did not allow of a more accurate ^measurement of these two 
doubtful lines, but from the observations of Kayet it is almost 
certain that the first of them was actually coincident with F, 
and the other with the hydrogen line H7, near to G. 

Janssen sent the first telegraphic announcement to Europe 
that the spectrum of the prominences consisted of bright lines, 
and that therefore these remarkable forms are enormous col- 
umns of luminous gas, of which hydrogen constitutes the chief 
element. In readiness for the observation, the slit was held 
dose to the advancing limb of the moon, at a tangent to the 
point where the last rays of the sim would disappear. With the 
extinction of the last rays, two new spectra started suddenly into 
view, each consisting of five or six bright lines (Fig. 130, No. 8) ; 
the lines were red, yellow, green, blue, and violet, and the two 
spectra, which were separated by a dark space, were exactly 
coincident line for line. When Janssen left the spectroscope to 
look for a moment through the finder, or small telescope, he saw 
that both spectra belonged to two magnificent prominences 
which shone out at the black edge of the moon to the right 
and left of the point where the last ray of sunlight had disap- 
peared. One of these attained a height of 3^, and resembled the 
flame of a ftimace as it breaks forth vehemently under the influ- 
ence of a poweiiul blast ; the other presented the appearance of 
an extended chain of snow mountains, which seemed to rest on 
the moon's limb, and glowed as if illuminated by the red light of 
the setting sun. As the principal lines of the spectrum coincided 
with the Fraunhofer lines and F, Janssen dedared at once that 
hydrogen gas forms an important element in the constitution 
of the prominences. 

From the circumstance that the space between the spectra 
of the two prominences was dark, Janssen was brought to the 
conclusion that the results of his investigations were not in ac- 
cordance with Kirchhoff's theory. lie imagined that the space 
between these prominences must have been filled with what 
Kirchhoff had assumed to be the solar atmosphere, and there- 
fore that this space, instead of being dark in the spectroscope^ 
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ought to have yielded a spectrum of bright lines. As this was 
not the case, then, Kirchhoff 's theory, that the white light of the 
solid or incandescent solar nucleus was partially absorbed by the 
glovring vapors of an atmosphere, had become untenable ; this 
absorption could not, therefore, have taken place outside the 
photosphere or light-giving portion of the sun, but necessarily 
within it, and had been produced by the glowing vapors from 
which the condensed solid or liquid particles of the cloud-like 
mass of the actual photosphere were formed. 

In reply to this objection of Janssen's, it may be remarked 
that, though he obtained no spectrum from the immediate neigh- 
borhood of the sun, it was to be attributed to the very narrow 
setting of the slit he employed, for the sake of seeing the bright 
lines of the prominences distinctly, which was too narrow to- 
allow of a spectrum from the other much fainter portions of the 
sun being received at the same time. Bziha, as well as Tennant,. 
obtained indubitable though faint spectra from the immediate 
neighborhood of the sun. Janssen's observations seem, there- 
fore, only to strengthen the condusion arrived at by the other 
observers, that the light of the prominences is much more in- 
tense than that of the solar atmosphere, even when in closest 
proximity to the sun's limb, or than the corona. 

If all the spectrum observatioms of the prominences made on 
the 18th of August, 1868, be collected togeUier, and those of least 
importance be set aside, the following results are obtained : 

1. The spectrum of the prominences consists of some bright 
lines of intense brilliancy, among which the hydrogen lines- 
H a = C, H )8 = F, and H 7, near to G, are especifdly noticeable. 

2. The prominences are masses of luminous gas, principally 
luminous hydrogen gas ; they envelop the entire sur&ce of the 
solar body, sometimes in a low stratum extending over exceed- 
ingly large tracts of the sun's sur&ce, sometimes in accumulated 
masses rising at certain localities to a height of more than 80,000 
miles. 

In the eclipse of the 7th of August, 1869, observed in 
America, the spectra of the prominences were investigated by 
Prof. Harkness at Des Moines, as well as by Prof. Young at 
fiurlington, who devoted himself with especial attention to this 
work. Prof. Harkness employed an ordinary simple spectro- 
scope, consisting of a single prism of 60% to which had been 



Digitized by 



Google 




SPECTRUM ANALYSIS. 

addecl a micrometer in preparation ^^y^^'J;^^^^h^ 

the Bumll dispersive power of Buch an ms^-^eu^^ t^ ^^ ^^ 

taken of the distances between the hnes ol ^^^ J^ ^ ac- 

:t"ared with Kirchhoff's scale can -J« ^^^^^^ by 

curaey, Harkness compared the divisions of his ^^^ .^e 

niea.; of the principal ^rannhofer bn-,^^^ ^^^ 

nmnbers of the same lines m Kirchhoff s map, ana ma ^^^ 

bright lines seen in the prominences given m i?ig. J 
following numbers of Kirchhoflf 's scale : 

Prominence a gave approximately the lines : 

698, 1007, 1497 (Kircbboff ). 
Prominence e gave approximately the lines : 

698, 1007, 1497,- , 2069. 

Prominence e gave approximately the lin^ : 

698, 1007, 1497, X611, 2069, 277(». 
Prominence /gave approximately the lines : 

698, 1007, 1497, , 2069, 2770. 

If these readings, though only approximately correct, be com- 
l>aic.l with Kirchhoffs numbers for the most important oi i^u 
Fraimliofer lines given in p. 165, it will be found that the brigiu 
lines observed in the prominences may very probably have been as 
follows : 694 = C (H a), 1017 = D. (^eyond D,), 2080 = F (H^), 
2T96 .^ H 7, as well as the line-14:Y4 (instead of 1497) less retran- 
gible tlian E. Whether an error had occurred in the measurement 
of the position of the green line 1611 (between E and &), or 
whether this line be identical with that observed by Winlock in 
the spectrum of the Aurora Borealis marked 1680 in Hugginss 
pcale (1608, Kirchhoff), must still be left in doubt. According 
to theBe observations, therefore, it appears that the bright lines 
in the various prominences vary in number, but not in position, 
and that hydrogen gas is the principal constituent of the promi- 
nence fi. 

The observations and measurements made by Yoimg were 
much more accurate and complete : he was provided with an in- 
etriiBient consisting of five prisms of 45° each, the lateral sur- 
faces of 2^ and 3^ inches, and tbe method by which this com- 
pound spectroscope P was connected with the telescope A, a 
comet-Beeker of 4 inches aperture and 30 inches focus, is shown 
in Fig. 131. The collimator C was furnished with an adjustable 
elit one-eighth of an inch in length, through one-half of which the 
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>iii of comparison introduced into the instra 

terrestrial substance rendered luminous in 
3f a Geissler's tube ; by means of the condtxc^^fc: 
tinum electrodes could be placed in connect;: 
1 coil. Immediately in front of the slit the: 



nm.'t^ ^ln^ li^ht of 

^l^c^-fcx-io sparky 

ift.^^ "%^?tLx-^s li, the 

^^^i^TE'fcln. £i,xx indue- 

i.oed at S 



Fio. 181. 




Tonng^s Telespectitwoope. 




divided disk, in the centre of which was a circ5 

ghth of an inch wide, a contrivance by mestrc^js 

lage of the sun could be kept exactly on the isli-fc ^x^ ^-=9 

m of the solar image directed upon it at will^ ^Tlx ^^^ 

)wer of the five prisms amounted to 80° betv^r^^^-^-^ -t-T^ 

id H, and the total deviation for the D-line neai^X^;^ "to -i ^:^ 

risms were so adjusted one with another, and tl^^^ Ti^X«_-#^ ^ 

ig them secured to the telescope A in such a. j^^ ^ 

olts by h, that all lines occupying the middle of "fclx^ :« -■ ^ 

lould be in the most advantageous position ; tlfc^^^ ,^^ ^A<i 



5^g one- 
tHe 

L^ The 
^"^ >>y the 



icluded at the same time the lines D and E. I^i^^ :&C^^^^* <=>f view^ 
licrometer-screw T, the telescope E, turning upo:^i^ ^ ^^^"^^la. of ^j^ 
e directed upon any of the lines of the spectntnc^^ ^ 't:>^^^^^^^*'^ ooulci 
'as fiimished with a micrometer, M. ^ ^^3^^^^— X)j[eo 

The solar spectrum appeared about an inch atL<i "fcT-k 
II width, and 45 inches in length, and showed alX -fcj^ ^**^^ — ^i'^^^^tx^ 
aine<l in Kirchhoffs map. The readings of t;!:^^^^^. ''^^^■^^^s -"ers 
lad "been compared with KirchhoflTs maps by ^©J>^.^^ ""^"^^^^^^^^""^ijti "^ 
iient s at forty-two intervals between the princij>^-j ^^?" "^^^^^^^si^ ^^t 
he \whole length of the spectrum from A to G. ^"^^•^^la a,!^^^^^ 

Refore the commencement of totality, the sliti ^ 
was Dlaced on the limb M N of the sun, in a '»-^__'"^' C^^^i--^ - _ 
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dirertion to the tan^nt, a c, at that point wheru, by tlie advanee 

of the moon on to the sun's dmV (hi an inverting tele&t^pe at 
the letlt side) the first cont^iet would take plficp. 
riQ. i!w With such an arrangement the spectnim (?on- 

^iets, aa will be described more in detfiil hiw 
after, of two halves in jaxtaposithm, one ot 
which is the veiy intonee *vcdar spectruni abed, 
and the other the very faint speetruin a ef c 
of the diffused atinospherie light rendered ex- 
tremely pale by the jxiwerful dieperaion of the 
Ught, Both epectra are crossed eqnally l)y the 
Frannhofer linesj as shown in Fig, 133, where 
the portion of the spectrum between B and C 
i6 more fully represented. When the one halt 
of the slit happens to fall upon a prominence, ^n 
the hri^ht lines of the luminous gases in the 
prominence iui mediately appear upon tl*e faint 
spectrum of the atmosphere, especially the hy- 
drogen lines H a (red) upon C, H J8 (green* 
upon F, and H 7 (blue) near G, as well as the 

bright lines of the other incandescent substances that may be 

present in the prominence. 

Before the moon's entrance on the sun's disk. Young oV 

served, as he directed the telescope upon the line C in tlie spec- 





TouB^^« m^^^on Of tt« ^ro^^,^^,,^ 



trum, n very bright red Hue ni n,.^ .1 1 , 
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spectrum, an evidence that at this spo^ 
.ed by a stratum of luminous hydrogen, -fclifc. 
ned by the length of the line m^ mn^'t^ 

to 12,500 miles. 

o^w, it is evident that the moon in its 

first pass over this stratum of hydrog'^ 
;es the entrance of the moon upon this e^-fc: 
Tess over it by the shortening of the brig^Jzfc. -fc— : 
i able to determine with great accuracy tli.< 
act of the moon and sun by noticing the t: 
ppeared completely. The same phenorrM. 
ed if, instead of the line C, the F-line be 
I of view, but the red line H a is better je 
^ation than the greenish-blue line H /9. 
This plan of observation employed by T^o 
n devised in theory by Faye, who had sug^;^^ 



^ ^~ixxx ^v^SLS sur- 
ti-^^^i^^ 1>^^TL from 



<^1^ ^o "tlie sun. 
^ ol>server 
9 a-iid her 
liEi^ ^?z, and 
exi.t; of first 
■^«XL ±;his line 

5*^* into tlie 



^a<i already 



*l:i.is 



Da^ethod 




in accurate means of observing the first coxzk.'t^^^^^'^ «r^-«^ -e^ 

nus, or any other planet, with the sun's liiii.t^_ S^5"l-^ ■^-no xnoon, 

I commencement of totality, the slit was <ii:K*^c5-fc^^^-^ "*" "y l>^foi*e 

)minence marked d in Fig. 127, and the lirx^ ^33 -p_^ oix "to -fclie 

3 field of view. When the totality began, tlx^ x*^w3 -J^^^^^Si^t; ixito 

me exceedingly intense, but, owing to the *3li^^5:^-f- ^^*^^ ItC ce l>e- 

e prominence, it did not extend across the '^^lij^^oj ^^ ^^"^^^^''tioix of 

ectrum. No bright lines were perceptible ^^i-tVi ^"^^"^^"tlx of thc:^ 

id A or between C and D. Immediately l>^- "^^ ^^ ^ ' 

)imm line (D,) appeared the orange-colored XS^ 

r Kirchhoff's scale, which was followed 

lint yellowish-green lines, estimated at 1250 

(Kirchhoff). The green line following at 

•right, though fainter than C and D,; it croi 

>readth of the spectrima, and remadned visible 

ng any chcmge when the slit was turned from tl^^ 

he corona, while the line D, disappeared. P«:*<x ^_^ 

brded that this line did not belong exclusively- ^*^ "^'^^la t^^^^ ^^ 
of the prominence, but also to that of the coro:»-^^^ ''Ix^^ i^-r> ^ ^^ 

opinion that the two preceding faint lines rem.;«=i.^ "^^^z^-bti'^ ^"^^'Xi^ro^ 

fected, and therefore belonged equally to the 
corona, which was observed simultaneously 
prominence.* While the slit was directed upo:o. "fci^ 

* [Young, in a " Note on the Solar Corona,'* published May, X B -^ ;^ 

« ex 



ixx C 
s«eoii.<i 



, « is of 






Digitized by 



Google 




250. SPECTRUM ANALYSIS. 

e (Fiff. 127), the magnesium lines h were not visible, so that no 
bright lines were perceived by Young at this part of the promi- 
nendfe-spectrum. The greenish-blue line F (H ^ was truly eplen- 
aid, wide at the base, and terminating above in a point ; it wa& 
followed by a blue line at 2602 ± 2 (K.) almost as ^^^^J:^ 
*^een lihe 1474, by the third hydrogen line H 7, near G at li\9^ 
(K.), and finally by the very distinct but mu(5li less bright hydro; 
gen line A (H S) at 3370.1 (K.). 

The nine bright lines observed by Young in the spectrum ot 
the prominences are given in their natural colors in Plate IX., 
No. 1, annexed to the solar spectrum according to Kirchhoffs 
jecale given above, and they afford an accurate representation ot 
the spectrum of a prominence as it appears during the totality 
of a solar eclipse. The upper half of the picture, that is to say, 
the solar spectrum, is of course invisible at such a time, and m 
its stead a faiat continuous spectrum without a trace of any dark 
lines — ^belonging, without doubt, to the corona — appears to ad- 
join the spectrum of the prominence. K the bright prominence- 
lines as observed by Young be tabulated in their order of suc- 
cession from red to blue, they will be found to correspond wijh 
the following numbers of Kirchhoff's scale : 



O =Ha. 

Da (belonging neither to hydrogen nor sodium). 

Apparently belonging to the corona. 



1. 694 . 

2. 1017.5 

3. 1250 ±20" 

4. 1850 ±20; 

5. 1474 

6. 2080 . . . F = H i3. 

7. 2602 ± 2 (observed also by Captain Herschel between F and'G during 
tlie eclipse of the 18th of August, 1868). 

8. 2796 . . . H y. 



9. 8370.1 



A = Hrf. 



The spectroscopic observations of the prominences during 
the ecHpse of 1868, given in p. 245, have been fully confirmed 
by the observations of 1869, when further results were obtained, 
the import of which will be more attentively considered in the 
toUowing section. • 

^llZlrZn^''^"''" ^:^ '**' ^' y«^^ ** ««^« ^"^^ "^es in sevenU pubU- 
cations put upon the same footine as 14*74. t — ^ ^1 « 3 .». • 

coronal chanwter."] ^^ ^ ^"^ "^^^'^ ** *^^ confident as to their 
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54. The Cobona and its Spbctmt: 



1 the eclipse of 1868 the observers were -fcoo Jja. T ac^ 'h occupie<l 
the spectroscopic investigations of the j>x*<:>:«3c:i.ijc:M-^x:^<3^s t;o pay 
idequate attention, to the- examination o±* "fclx^ <30jrTon.«fc. Tlio 
observations that were obtained, sona^ o^ ^^'v^liiolx ivere 

3 by Rziha at Aden, and some by Tex^.z^.^xx't; ^^ O-rmtoor, 
n conaplete agreement as to the sudden. <3^i3^krf>2>^^£Lx*^xi.ce of 
16 dark lines from the spectrum on the €3^z>3cicijt:r:M.^:i3.<5eixi.oiit of 
:otality, and as to the feet that the light €Z>:^ -fclx^^ <5ox*OD.a Rave 

a fcmU corMrmous spectrum. Tennanfc _ .^<ijacz^d[-fc,^ tlx^tt this 
trum might also have contained feint lir^^js "^!%5^Ifa.ic*lx Ixo ^wa.& 
Die to perceive, because, in order to insure ^^^xx^^^ ^soixxotliin 
lad employed a rather wide opening of tti.^ sli-fc^ ^xi.<l C5r> ^^ 
atly some of the lines may have run one iix't^.o tlt^.^ otlxeT- ^"^®^" 
The eclipse of 1869 has famished many v^ul^i:xa,"l:>x ^ <3.e'f: •! 
spectrum of the corona, throwing much ligix-fc "mx;g><:>.:K^^ x^s ^ ^^ 

I fully confirming the previous observations tlx^^-fc i-fc^ j"=^^'t;ixx-e, 

ree from dark lines. * ^Peotruna 

Pickering, Harfcuess, Young, and others, ar^ ^S^i^^^^<a_ ^1^ 
extmction of the last rays of the sun all th& -^*^^r*a*x:«j:i>^ ^^'^ -^itli 
appeared at once from the spectrum. The sxi^i^^jj^ -j ox^x- liixos , 

ployed by Pickering and Harfcuess, in wlxi<:^3^ *lx ^*"'*^^'"^*^^^^^^» 
w was large, exhibited a spectrum obtained s^-^ oxx.<:* ^ =fi^l<i of 
rona, the prominences, and the sky in the x^^x^l:x>> "^I^^"*^^ "tHe- 
3 sun. These instruments showed during tlx» *o-fca,l ^^***^^^^<i ofT 
ntinuoufi spectrum, free from dark lines, but cx-^:^j^^^^^^ Vo'^ ^^ ^^inf; 
ree bright lines. ^^ ^'«^7o ox* 

Young, whose spectroscope consisted of fi^^^^ ,^ . 
Jl), observed the three bright lines in the 8E:^^<3^^?[f*^*^^"^^^^« (Fi^- 
>rona which are represented in Plate IX., N"o^ ^^ ^^^w^ of tix& 
e drawn iu the colors in which they appear^^^:^ ^^T^ ^■^^ thexr 

irchhoff's millimetre scale introduced above^ ^^?^**^^^^^xxe^ ^^1 

ere 1250 ± 20, 1850 ± 20, and 1474. It has b^^^_^ "^ *J-^»s^ ^&xe 
lamed in p. 249 why the last and brightest of" -fcl^^^ ^'^^*^^»«.<ay ^ ^ 
tiought to belong to the spectrum of the corona, ^.i^^^^^^ ^^e^^ -'^ixi^^ ^^ 
f the prominences ; and it seems probable that ti:^^ ^*=^<:>-fc -^^^^ ^^^ ^® 
ines belong also to the light of the corona, frofici t j^^ ^^^•^i^^x* «. ^* 
hey are both wanting in the spectrum of the pronxix^^^^ *^C5t; -fcl^^^ 
)b8erved without an eclipse. "^^^^^^g^ "v^rV^ ^* 
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But what invests these three lines with a peculiar interest is 
the circnmstaDce that they appear to coincide exactly with the 
first three of the five bright lines observed by Prof. Wmlock 
in the upectruin of the Aurora Borealis (Plate IX., No. 3). 
These line^ of the Aurora were determined by Winlock Bccori- 
ing to Iluggine's scale ; if these numbers be reduced to Kirch- 
hoff 'g scale, the position of the lines will be found to be 1247, 
1351, and 1473, while the lines observed by Young were re- 
gistered as 125U, 1350, and 1474. Now, if it be borne in inmd 
that Young foniid the positions of the two fainter lines more by 
estimation than by measurement, the coincidence between the 
bright lines of the corona and those of the Aurora Boreahs will 
be found to be very remarkable. The brightest of these lines, 
1474, is the reversal of a strongly-marked Fraunhofer line which 
has been ascribed both by Kirchhoff and Angstrom to the vapor 
of iron. 

What, then, is the nature of the corona, this magic circle of 
rays of silvery whiteness, which surrounds like a halo the black 
disk of the moon at the time of a total eclipse, and invests the 
whole phenomenon with an indescribable charm ? It h^ been 
thought tliat while the inner bright circle of light closely sur- 
rounding the moon's limb belonged to the solar hodj itself, the 
mys streaming from the luminous ring were merely the rays of 
the snn reflected from the dark and uneven surface of the moon, 
and brought by a sort of refraction into the earth's atmosphere, 
whence they were reflected to the eye of the observer. 

In opposition to this theory is the fact that, whereas the halo 
ought then to paas through great changes by the advance of the 
moon dunng the totality, no such changes were noticed by any 
^L .r.^''T'' ^""^^ excepted, nor were they to be traced in 

speetrum. A c-mparbon o^^^f JT w "^^^T ^ > '** 
leadB further to the concWn tW "^ *^' Pl^otographic pictures 
advanced, the corona around the^*"" ^I^'^'^'fl ^ «»« °^««° 
gradimlly covered, while TnthJ ^^^^ '^°^^ ^^ *^« ^^ became 

me west it was more and more re- 
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tlie ring of light did not therefore mo 
ained invariable during the whole of 
:aken into consideration that, as shown^ 
ions of Prof. Pickering, the light of tlm.* 
, almost up to the edge of the eoro«:3 
aat from the corona itself was not pol^ 
U be arrived at that the corona is st 
> tJie stt/riy and therefore is not to be reg»r 
nenon catised by the combined action < 
»on, and the earth's atmosphere, 
^m the bright lines in its spectrum, it; 
^ nature, and forms a widelj-difiused s^^. 
n. If this were the case, even its mosl^ 
. be a hxmdred. times nearer the sun thari. 
I therefore receive ten thousand times th^ 
a temperature would sufSce to resolve ^- 
e of our planet either into a state of incand« 
»U8 form. 

t has been supposed, from the coincidence of* 
of the corona with those of the Aurora I^fc _ 
aa 18 2k permanent pda/r Ught^ esnstmg m t^^^ 
hat of our earth. Lockyer, however, just;X^;^ 
theory the £Eict that, although the brightes-fc 
B, which is due to the vapor of iron,* is ve: 
mg the great number of bright lines occasiorx 
ctrum of the prominences, it is by no means co: 
ich ought to be the case were the corona a j> 
ht in the sun. A yet bolder theory is the asciri 
lar light in the sun to the influence of electtri^:^ j^-^„^ 
en proved, as is well known, by the agitation o:^ "fc^' 
edle, and the disturbance of the electric curr^^:^-^ 
aph-wires, to play an important part in the ph 
urora Borealis. 

In the present state of our knowledge on *ixi^ -^^ 
3ience, the question as to the nature of the coroxx.^^ ^^ • "• 
^answered: the solution of this problem must l>^ ^ll 

>y the careM observation of fiiture total eclij>i^^ 

* [This line ifl coincident with one of the fainteBt of the nu ^ ^ 

)een in the spectrum of iron, but it cannot on this account be <^v^^2^ 
aiho^ the presence of the vapor of iron.] 
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^^ l>right 
*l^at the 

^^logons 

^^ainst 

^^^ tliree 

X^x^esent 

■^ ixi the 

^ ^' polar 
«xich a 
<^li has 
'^rnetic 
^ tele^ 
of the 




*^iy to 



Digitized by 



Godgle 





254 



8PECTBUM ANALYSIS. 



MhM be ooDected, whicli may either confirm the theories alre^ 
received^ or else suggest new ones in their etead. 

[The Total Eclipbk of Dbgembkk Sl2, 1S70. 

Tlie fullowini^ account of the obserratione of this e^^lipsi 
taken from the Report of the Council of the Royal Atitrotioixi 
Society to the Fifty-first Annual Meeting of tliat Society ; 

** As this eclipse would be total at several places within e 
reach of England^ namely^ the south oi' Spain, Sicily, and 
north coast of Africa, it appeared to the Ck>iiiieil an occasion 
which they should take steps to assist observers, atid, if necc^ssf 
organize an ex|>edition provided with suitable instruments 
attacking the important problem whicli still remained linsol 
— tlie extent and nature of the Coronal Light* At the meet 
of the Council held in Marclij tlie Conneil resolved itself inf 
committee to consider the preparations to be made for the obi 
vation of the Solar Ellipse of December 22- In the follow 
month this committee united itself with a committer appoin 
for a shnilar purpose by the Royal Society, A.t a meeting held 
this joint committee on June 16th it was resolved that the Gov€ 
ment be solicited to gmn^ 

ndTrTnsTnt f ^^ T^ '^'" ' 'T ^^ ^^^ ^r the prcparat 
and transport of mstruments. To tlus application which . 
made, m accordance ^ith Ibmier ueaee tcT th J^ A A ..^^ ' 
un&vorable an™.,^ w.« r...;™^ '^^a\™ "^^^^dxinralty, 

August lOth. Ahse] 



t arable answer was received on 



from town of some members of the joint eoiTi*«U>^^ ^ ^ 

circimiBtances,- prevented any farther IL^T^^ ' T ""^ 

November 4th, when the joi/t eomlnit tee "^ "'"^ *"'""" 



UI 



PL^cimiary grant in aid of tlioftmds voted bv tlTi^ °? 
Astronomical Societies should be made to^V ^^^^^ ^^^ ^ 
of Her Majeaty'B Treasury ^^ 1^ ?^ ^"^ Comm 



ISBh 



" ~ -<^-'-=<i<.ytKt:s°Tr'"° 

be made to tbe T^-»i^= r^ 

..esty'B Treasury To M,; -l-orda Coi 

^vorable reply was returned by thuoJ**'^^'*'''^ applicatio, 
H. M. troop^^ip Urgent at the ser.=^^ 

syance of observers and instn 

•am of £2,000 in aid of tbe 
. party to Sicily, and for the «^r *""'"« expenees of • 

of instruments. ^^^ Preparation and transD 



the conveyance of observers and ixiBti-.,^ . -^ " 



ernment, wlio pla< 
ot tUe expedition 
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TOTAL ECLIPSE OF 1870. ^^^ 

3a ve Cii^glaiid, the greatest enei^ was -^rm ^3^:x J-^»<3L -fco organize 
of observers, and procure the special i-^^ *-■> g^ » ■ aA jjcM,^j:^'fc« needed 
proposed observations. A small, orgx&sza^i^ixx^^ «3C>xxixoittee 
pointed, ^which met ahnost daily up to tba.^^ ^fl.^p^jt-'Cnu*^ of the 
ion. The successful and very compl^^'d^^^ ^xrar^s^xigieiAents 
ely made ^ivere due in great measure 'C^^::^ ^t^li.^ - m-m -r^ -fl <^ ggiTig 
the secretary, Mr. Locbyer, and of the n rra^iEjgt^ajcM-'fc — is^^cretaiy, 
myard ; and the Council wish here to is'fc.^s.'C:^ lx<^-^^^ rxxuch in 
pinion is owing to the valuable suggestioiK:^^ ^irxxd « i°iniotiincc 
id by Prof. Stokes. The opticians, Mur^ -Brgx-^o w^ ^g-^ Jjxg Mr. 
, Mr. Ladd, and Mr. Slater, afforded veiry^ "^=^^lx:i.^^'fc>l^ assist- 
3 the expedition by the preparation and Io^tmzk <z>-^ ^^■=^^^"fc:KTViments 
Lich they deserve the grated thanks of tti.^ iSo43r£^-fc^y-_ ' 

Distinct observing parties, in charge of TVT'jr"^ ^'^-•^^^^^'^^^ ry^^x* "Re 
Perry, Captain Parsons, and Mr. Huggins, ^^i^^^^jkt^ ««'X>i>ointed. 
le four stations, Sicily, Cadiz, Gibraltar, ^ItIei^c^ Omr^^:m:m.^ ProF 

all accompanied the Oran party as an indejp>^33:ici^x:B.-fc <=^l>8erver* 
Lord Lindsay, taking with 1dm several isXdiU^cS. ^=^l>^erver8 
I very complete photographic apparatus, w^y-^^-fc t^^^ OI5.^^.<a_i^ inde- 
ently, at his own expense. 

Besides these English expeditions, there "s^v^^m^^ ^xx -^^^_-m--m^m 
dition, with Prof. Peirce at its head, consistin^^ of* t^^^^^^^-^ ^^^ « 

in Sicily, under Prof. Peirce himself, and ono J^xx_ lSx>^^ i I^^-^^es, 
f. Winlock. Independent observations were "fc-^lsi^x:^ 1--^ ^ "U^nder 
vcomb at Gibraltar, and by a party consisting- <z>:£^ lE^x:- -^i?-^^^ I^rof. 
tman, and Harkness, in Sicily. ^ • -Hall, 

"At no former echpse have preparations l:>^^xx 

3omplete a scale, or the work to be done so ^^feiiUf^xH-^T^^"^^^^^^^ ^^^ 
ong observers trained to carry out eflBciently th^ IK>^x-*^^ ^^^ vided 
them. All the parties were prepared to attack: -fcl^^ ^^ ^^^^i^ned 
J several methods of the spectroscope,^ the pol^:^-^^^^^ '^-^^•^^^ii^xxa by 
yraphy, and eyenirawings. With favorable wea^-fcXi^^ :^ j^.^^ ^^:» I>ho- 
d much to expect from these expeditions a searclxxca::^^^ ^^^^^^-^s ixot 

hauBtive examination of the coronal •hght by *l:^^s^^*^^l^?'- ^^l^^^oat 
ethods of attack. "^^'^^^-^QEfei-ent 

"The weather was not propitious; at all the ^'•^^-fci^^^,^ 
as more or lesB obscured by clouds. On the AMc5^^^-^ ^-^ ^ '•^X^. ^ sic v 
rhere there had been grounds for confidently a-:rx-fei<*i^^^'^~^'^*^»xoiit 
loudlesB sky, the English party and M. Janssen, wlx^^:^ ix«fc^^^^^* -■^^*^«' a 
rith his instruments from Paris in a balloon, at C^xi^^^^^^ ^^^^^^»T>eci 
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il 





Weisflaud Opi>olzer at TuhIjs, saw notbin^ of tlio^ et-lii 
time of totality, though the earlier phases were^ vieible a 
"At Cadiz and in Sicily eucecsflfid photograplis of tli 
rA obtained by Lord Lindsay, Mr. WiUard, of tlxe ^ 



WLTe 



At these 



tlxe 
statioriB, Am 
speel 



expeditionj and Mr, Brothers. --« ...^„^ ^^, 
Estejionft, some observations were obtained of tlie 
polarisation of the corona, 

" Although the gain to our knowle<%e of solar physic 
lees full and de<.*ided than doubtlesB it would have he< 
observcrB had been favored with a coludless sky, the new 
tion which coineB to tir from the eclipse is very vahi 
well repays the large amonnt of thought^ time^ and mom 
were so freely bestowed upon the preparations. 

*' The present time is too early for a complete Hiialyi 
different observatione with a view to eliciting from thein 
teaching which they may contain of the extent and iiati 
c6ronal light, still it may not be undesirable to ^ve a 
count of some of the more important obBervations* 

**In the last Annual Eeport, in the account ot* the I 
August, 1869, attention was called to tlie two apparent! 
portions besides the prommences in the li^lit seen r. 
Moon during totality. The Ameriean pict^eB ^liowe 
uidieations of brighter portions near the siiu'b limb witl 
he erupti^^^^^^^ hydrogen forming the pron^inenccB t. 
o tho.e wlneh were visible In the photo|raphB t^ken Iv 
la Rae n. 1860, and by Colonel Tennant^x.d^r V^^^^ 
A distinction bet^^een different portions of the J..,™f^ 
observed as early as 1700 by MM. Plantade and^?"^^ 
P^Uier. * As soon as the sn^ was ecdipsTd th^re ^f ^*^^ 
theiuoon a very wMte light form inHeo^o^^^^^^ 
which was equal to about 3'. WithS tbl^I i^ ^^***' ^' 
e^iywhere ec^ually vivid, but bey^^^^tl ^"^^^^ ^he 

loss intense, and was seen to fade off J^eWnJ^ ^^^t. 
mg darkness, forining air annulus ISS^^ f > ^ "^^^ ^^^ ' 
m diameter.' In 1843 M. Ara J c^Z^ 1"^ '"^*^^^ ^^ 
be sufficiently marked to sal^S^n tS^^^^^ ^^^^ ^^^ 
-to two eoncentrio zones, thTlTertLT^^'^ ^^' ^^ 

dehned at the outer border. Xe "hi ^^"^^y bri^^hl 
^^hed in brightness untiT i wlri"^^"'"" ^-^- 
ilarknoss, ^ ^^^ lost hi the hui 
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e oT3servatioiis of the eclipse of last JI> ^^<^^^trwrm^ "fc>^x" confirin. 
irlier descriptions as to the apparent fi*-»::»-TbxiJL^%?T.^ion of th^ 
light, though the breadth of lie inner .^s<<=>:m::m.^ ^%ra.x-ies con- 
ly as described by different observers • 'T -rm oxur fiitur^ 

s we shall restrict the word corona to I^^Kza.^^ 5:i3l:h:x^x* l>righter 
ad for the faint exterior portion use the fc^^ j L- -KjL> , J^^^^m^Zo^ 
; may conduce to clearness in onr interfz^jKr-^^-fc^-fcioxx o£ those 
ations which appear to differ from each <:z^"fcl:x^:K- if ^wo con- 
that the imperfect transparency of our ^^-'•:i:^ifc:x.ois-r>lx^x*o must 
a scattering of a portion of the light oa^ "fcl:*.^ <3ox*oxi.a seen 
rh it, and form a more or less brightly-ill.-mz».:H:^:^i3,^^j^^^^ sereen 
en the eye and the eclipsed sim. This ^•''fc^»^»:x.ois-r>ln.^x^o H Vit 
nterfere especially with the observer's *I>^^:^i«T*^<3ijar-fcioxx o-P ^K 
a^d extent of the faint halo. There may ^i2s:ii^-fc «tt I^^^lrI- -H^ 
.ct sources of the liffht seen about the sx]t.:»::^_ -■'.^ -:* .^^ ^=m --.- ^^ 

rommences, the corona, a solar halo overIa,;^>-^>5^,-^^ -fcT-* 
3ginning at its exterior limit, and an a^^oei^^^;!::^^^^^^^^ 1^ <5orori.a 
d by the scattering of the light by our a-t»:»::^^^j3,j3j^ -■=»-«-xo pro- 
na and solar halo would probably not alt^i^:^ ^2x-^j«.«-^ ^* . ^"^ 
t time between observations of the same ^^^Li-^ii^ja^ «.-«- "^^ . "'■■'^ the 
ions, but the scattering of light would b^ IK^^<3iili ^^^*-^^flfereiit 

ion, and be mixed up with the effect of hct.^^^ <3x* 1 • ^^-»^^^^^ eacH 
ient at the time. It is possible that, withon^-fc t>i ^^^^"^^^ elond 
sphere, some scattering of light may arise fro:*-^::^ f-i-i ^^^*^**lx.'s at— 
nsparency of interplanetary space, not to spealfe: <:>:f ^v* "*^^*^^*-^X^^rfect 
stence of finely-divided matter more densely ^-.^g^^r:r-^ ^^^ X^^ossible 
ighborhood of the sun. It may be that in tizm-^^^*^^^^^^^ ^^ the 
lier considerations will be found the key to tlx^ ^ 

the widely-different descriptions of the sols^x-* 
tiich come to ub from different observers. 

"Prof. Watson observing at Carlentini describ^^^ 
I about 6' high ; observations at Cadiz give a breach ^:;^1 "^^^^Sl^'fc coro 
ieutenant Brown, observing with Lord Lindsay, fc^^i^^^^ ^^ ^^^^^oxjtt 3^* 
ane^ which he saw defined in its outer margin, to -^^j^^ ^^ "tlx^ inn ^ 
' in breadth; Mr. Abbatt at Gibraltar at about 5 ^ J^^^ "^^Ox^^i. gy ^ 
t' tlie observers describe the exterior contour of -fc^^-^ ^S^:x«. «;2 ^ 




)e affected by the prominences bulging out over -fcl^^^'^ ^^^^^*^o:Oo, ^.^ 
tee. In the photographs.a defined zone is also s^2^^^ "^^^^-^^i^sfc ^ 

Lind-says photographs and the one taken by Mr. "^"^^^ — -■^^- -^ ^_ _ ot 



tends rather more than 1'. In the photograph by 
the height of the brighter zone varies from 3' to 5'. 
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'''.We wm now .p^ak of .ho pluvtographs of the totoUty , ^ 

»ro very imtrwctive. ^ Lindsay ve^ 

u The photograpliB taken Mt Ca^ by ^ ^j ^ ^n 

tained by placing th. ^^"f ^« ^^^^ 6 fee focal length, | 
„la88 roiPTor 1-2^ inches in diameter and b leci ^ 

f „ image of the .un about f'-^^^^^z tv M WiUard , 
The other photograph, taken ne^r Cad« by^r 
American expedition, waa obtained at *!'° ^^™! ?;^^ fo, , 
object-glaas of 6 inches diameter, spceiallv correetea 

"■^^^Mr Brother, at Syraeiise, employed * P^°*°f ^l?'^^^^ 

gUB. of 30l^chc« IW fength .nd 4 inches ^'^^-f ^«;';^^ ^^^ 

f V tlio maker, Mr. Dallmeyer * This lens gave a bnlAiarH 

^Hb:";!; about three-tcnthB of an inch in diamo^er. 

was received upon a plate 5 inches square. The ^m 

Tunte" on tbe'kheepsbank. ecn,atorial, bclongriug to tlve^ 

"The photograph taken at the csommencement of tot 

Ijori Lindsay had an exposure of twenty seconds. I 

around the moon's advancing limb a bright corona^ e3 

about 1' from the moon's limb, in which the prom me 

distinctly marked, and outside this a halo of faint light c 

ing rapidly in brilliancy, with indications of a radial 

■which can be traced as far as 15' from the moon's limb. 

other side of the moon, where it overlaps the snn suffl* 

conceal the prominences and the bright eorona, the halo 

db«ent. It may be suggested that sncdi portion of th 

appears around the advancing limb of the moon has 

on this Bide of the moon. As a pure speculation , the e? 

may perhaps be hazarded, that the true solar lialo, as t 

troseopie observ-ationa would suggest, was less powerfu 

than the aeattcred light of the prominences and. corona 

live lialo on the one side of the moon only as seen on 

may Iwve its origin. 

" The photograj>li taken l>y Mr. Willard was expoi 
a minute and ii half, and therefore must contain mixed 
successive appearances. The prominences are dietinc 
and a defined corona of rather more than \' in hoiel 
halo there are indications of portions of unequal brie" 
a radial structure, hut the most remarkable feature is 
. Tl>Qsf len,« .r. constnrcted by M.-. THllmoyw for photoerapV.c « 
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TOTAL ECLIPSE OF 18Y0. 

atrk space in the halo on the sontheaBt^' 1 
r 'boundary of the bright corona ; a seco:* 
faintly traceable on the south. Tlie saoci.^ 
»rded in an eje-sketch by lieutenant Broi 
re also shown ia Mr. Brathers's photographic- 
epresentation of which is given in Plate >^ — - 
aken by Mr. Brothero is very valuable, bIxb <2 
tending toward the northwest, about two dij 
and on the east and south about one diam.^ 
re, is not concentric with either the sun oi- 
to the greatest distance in the direction fic-«: 
8 moving. It'shows in many parts trac^ of ^ 
The stronger ligl^t about the moon is mudi ~K=>- 
and northwest, and assumes a somewhat s 
with rays gradually softening down, as if co: 
inter halo. This photograph was taken in 
the 93d to the 101st second after the com 
cy, and therefore presents a true repreBentatiosn 
)lienomena at the time — that is, as regards 
ic power^ which may possibly differ in a sensibX 
alative brightness they present to the eye. Th.4 
3 at different stations show remarkable differe: 
le form of the outer part of the halo ; some repi*^i 
ng of separate rays, others give to it an ahnost trvia. 
;our ; in some of the Spanish sketches a tendencsn 
yhly quadrangular form can be detected, while £:»: 
lian drawings there is a tendency to an annular :i 
"We pass to thef spectroscopic observations of tlzm. 

0. 

"Prof. Winlock, using a spectroscope of two 'prMj^.^^m: 
i a half inch achromatic, found a faint continuo-i::^j^^ 
the bright lines, the most persistent was 14^^-^^ 
lis bright line, and the continuous spectrum withoxi^-fc. 
ire followed from the sun to at least 20^ from hij^ 
onng efitimates the least extension of this line to a* 

* [Subsequent oomparisoiiB of Mr. WiUard's photograph with tl:^; 
others leave little doubt of the absolute agreement in position of tl:^, 
i^. Prof. Young remarks, " If this be so, it certainly bears very 
' those theories which assign a puroly solar ori^ to the whole phei:^< 

t The thanlcs of the translators are due to Mr. Brothers for lua i^. 
) intrbduce this drawing, and also for the care he has taken in oorrec»^^- 
18 
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^00 'spectrum analysts. 

Captain Mallear, obeennng with a direct-vision spectroscope 
attached to a four-incli telescope, saw a feint continiioiis speo- 
tnun and bright lines in position about C, O, E, and ^y ^^ 
difitance of 8' irom the moan's Unib, and also tlie same Imes, but 
much lainter, o?i tM nwon's disk. This observation would seem 
to show, as has been already suggested, that eome of the liglit 
from the true surroundings of the sun is scattered by some me- 
dium between the eye and the moon, and therefore tlie distance 
from the moon to which these lines can be trao<Mi does not imply 
neceBsarily an equally great extension of the tme lialo. 

"Lieutenant Brown, of Lord Lindsay^ 8 party, BSr99^ only a 
continuous spectrum without bright lines, finom 4r^' to 25' from 
the moon's limb. Mi\ Carpmael, obseiAnng at Sstepona, savr 
three bright lines in the liipetjtnun of the corona. Hie considers 
the one in green to correspond with 1 359 Kircltlioff. 

" The observations \dth the polariscope stio^wr tliat a portion 
of the coronal light m polarized ; and though the results as to the 
plane of polarkation are interpreted diiferently by different 
observers, there seems reason to suppose with Mr. Hanyard and 
Mr. Peircc that the light is }>olarized radially, shoAfvin^ that the 
corona and halo may possibly reflect solar light as weU as emit 
light of their ow^n. 

" There is one ob6er^^ation made by Prof. Young which is of 

Z 7"f r^'Tl""^ '^f '' '"^^^ ^^ '"^'^ '^ Si^« antcconnt of it 
in I'rol. Langley's words : 

" ' With the Blit of his spectroscope placed loniritndiiiaUv at 
the moment of obscuration, and for one or twrT ^^^^ T^ ^.^ 
flold of the instrument wa. filled wi h br4h? w"" ^^' "^^ 

could be j«cli,ed, during tld.brienutervalefeL^^^ ^tf ^ 

I'nc of the solar spc.tnnn showed briM.t • I^^^T 5^^^^^"^ 
vation confirmed hy Mr. Pye a vnn^*^ ' 1} interesting obser- 
tar, aid proved of ,nuch ;erjrc'e ^FrSm g.?"^^^"^ ^^^ose volun- 
mdependent observations we Beem tT Vl ■ ^'^^currence of these 
the probable exist.nce of an en^eloL ! ^"^^"^^ i^ assmnmg 
;pW, and ben^th the chromosphSe r,'^r''?r^^^ *^« ^^^^ 
thicknie.s muBt be limited to two or thr '"^ ^ ^^«^ ^^^o^* 
which ^ves a diacontinnous spectrtim » -"^ seconds of arc, and 
a;^ the Frannhofer line. ^^oJ.n^^Z:^^^ ^L^}'' <>' — ty 
" ^Pid and imptrfect as this 
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be of the obBervations of the last eclipse, it shows a distinct and 
important gain* to onr knowledge of solar physics.'^ 

Prof. Young considers it to be shown by the observatkms of 
this eclipse that ^^ one important element of the corona consists 
in a solar envelope of glowing gas reaching to a considerable 
elevation/' at least to 8^ or 10^ on the average, with occasional 
prolongations of double that extent, and it may turn out to have 
no upper limit whatever. He states : " There was an important 
difference between the behavior of the hydrogen line and that 
of 1474. At the edge of the chromosphere there was a sudden 
and very great falling off in the brightness of the former, while 
no such boundary was observed for the latter ; the line grew 
regularly and continuously moje taint as the distance from the 
sun increased, until it simply faded out." Prof. Young says, "I 
have no hesitation in affirming that the corona as it appeared to 
me in December was a very different phenomenon from what I 
saw the year before, and fer more complex." He considers the 
spectrum of the corona to consist of at least four superposed 
elements : 

" 1. A continuous spectrum without lines either .bright or 
dark, due to incandescent dust — ^that is, particles of solid or liquid 
meteoric matter near the sun. 

" 2. A tnie gaseous spectrum, consisting of one (1474) or 
more bright lines, which may arise fix)m the vapqr of the meteoric 
dust, but more probably from a solar atmosphere through which 
the meteoric particles move as foreign bodies. 

" 3. A true sunlight spectrum (with its dark lines), formed 
by photospheric light reflected from the solar atmosphere and 
meteoric dust. To this reflected sunlight undoubtedly is due 
most of the polarization. 

"4. Another component spectrum is due to the light re- 
flected from the particles of our own atmosphere. This is a 
mixture of the three already named, with the addition of the 
chromosphere-spectrum ; for, while at the middle of the eclipse 
the air is wholly shielded from photospheric sunlight, it is of 
course exposed to iQumination fix>m the prominences ftnd upper 
portions of the chromosphere. 

'^ 5. If there should be between us and the moon, at the 
moment of eclipse, any cloud of cosmical dust, the light reflected 
by this cloud would come in as a fifth dement." 
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Mr. Proctor ("Monthly NoticeB," vol. s^cxi.. P^l»*> ™^ to 
that wc have evidence of vertical disturbance, wHii '«*®"5**, *T 
the Bun's globe, in the objecte which aurrouxid the snJi, axid tMX 
tliese are not of the nature of ooncentric atmospheric sbellS- xne 
observations, he remarks, of Ziillner and Bespighi show that tne 
prominences, as respects their first formation, are phenomena ot 
eruption. The velocity with which the gaseoxis matter ot tbe 
prominenees must pass the photosphere must be in many cases 
at least 200 miles per second, and its initial velocity probably not 
less than 300 miles per second. Dense gaseous Tnatter flung out 
with the hydrogen would probably retain a velocity o£^ say, 240 
miles per second, and reach a height exceeding that indicated by 
the greatest extension of the radiations observed last I>ecember. 
From an examination of the original negative taken by Mr. 
Brothers, Mr. Proctor considers that this photograph fevors the 
view that the coronal radiations are phenomena of eruption.] 

55. The TELEepECTROSOOPE, ajtd Method of* obs kkvu tq the • 
Spectra ov the Phosonknceb m SmismirK. 

Ae early as October, 1866, Mr. J. Norman lA>ckyer commu- 
nicated to the Eoyal Society a method for observing the spectrum 
of the solar prominences at any time when the sun was visible, 
but his labors were unproductive, owing to the insufficient dis- 
persive power of his instrument.* 

In observing the solar eclipse of 18th A.ugu8t, 1868, Jansseu 

• [Though to Mr. Ltwkyer \» tiue the first publication nf »v.« s.i-_ _* *i. -^-i-^ 

Of «Pplji.>B the spectroscope to oteorvc the red fl^m™ t„ 1^. 1*^ **^ **** P«»«»«'»^^ 
history it should not be pa.L ovor that, «bout the «^ t^f JIT "**' ".T "^^^ ^ 
quite indep.„de.tl). to two other .^trcno „.™, Mr Vto" o^^' "^* *^** oocurred 

BiM. ThoHo obacrve,^ wcro, however, unBucJ^^ful ^ «', °'^^^'=>^ «»d Mr. Hug- 

made to .0. the .peotra of the proBAnene^^r ih« 1 ^*"'™ »«empte which th^ 
troaeupsB they employed we« not of Bufficient rtU^T ^'***'*' probably that the spec- 
nne. of the «ol« fl.„« easily vUihk Wh^ thT'"".*'. ***•**' **» ™*k« *»»« »>«^«ht 
Huggi«« B.,w them in«u.tl, with the «me .p^trosco^.^r'^r'* °*" *»»•>»«»«» w«. known. 
had previously used in vain. "peotroscope (two prisms of 60°) wluch he 

It does not aeem that Jansiwn was nware nf ¥ « i. 
be had seen the foHowinfi deRoriptior. of the oL'^ '''""* »«eg«tUm ia 1866 or that 

IB supposed to ^ri„r r !^ '^^ .^* ^^taibility of t^^^^ t, ^^ ^*^ *1^« '^d promi- 
iii«>aea to an«e from the iHumiiiatioii f*f ^. ^tiese oblects a.^ *^«ii«.«« *• 

^ of our atmospiiere^^^ ^^ o"ii»«y tunes 
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was snrprified by the remarkable brilliancy of 
lines, and exclaimed, as the smi reappeared and 
faded away, ^^ Je reverrai ces lignes U en dehoK 
Clouds prevented him carrying out his intention, 
on the 19th of Augost he was up by daybreak to 
of the sun, and scarcely had the orb of day risen, 
above the horizon than he succeeded in seeing 
the prominences with perfect distinctness. The 
the previous day had completely changed their* 
distribution of tiie noasses of gas round the sun.' 
tirely different, and of the great prominence 
remained. For seventeen consecutive days Jan. 
to observe and make drawings of the prominent 
was proved that these gaseous masses changed 
position with extraordinary rapidity. Janssen's j 
nicating his discovery to the French Minister of 
dated from Cocanada, the 19th of September* 

Lockyer, in the mean time^ had caused some 
to bd made in his instrument, and only received it; 
possession on the 16th of October, 1868, long affc^: 
Janssen's discovery had reached Europe. On th^ 
ber the tdespectrascape^ was sufficdently in order 
bey[ig employed for observation^ and oh the sam.^ 
YrrotQ in a communication to the Boyal Society as :f^ 

" I have this morning perfectly succeeded in 
observing part of the spectrum of a solar promix:^ 
result I have established the existence of three l>x-i 
the following positions (Fig. 130, No. 6) : 1. Absol 

4ent with C ; 2. Nearly coincident with F ; 3. Ne«,i 

This third line near D, always a very fine lin^^ -j^^ 
frangible by nine or ten degrees of Kirchhoff's sc^X^ -fcl-^ 
most refrangible of the two D-lines (that is to say, i^ 2i^^^^^ 
to the green), and is designated D,. ^ 

gaseoiiB, their spectra would consist of bright lines. With a powec^fVaj 
the light scattered by our atmosphere near the snn^s edge would be S^^^^^t;! 
intensity by the dispersion of the prisms, while the bright lines of the I>i7.,3 
such be present, would remain but little diminished in brilliancy. Tla^^ ,_ 
been carried out by various forms of prismatic apparatus, and alao t>:^> 
trivances, but hitherto without success."] 

* We designate by this expression the combination of a telescope, x^e^o-^-^ 
work, with a spectroscope of grent dispersive power. 
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SPECTRUM ANALYSIS. 

In a .tibsequont eommimieatian to Mr, ^"^^^f^ 
Lockyer states that the praminBneeB arc laerely local nggr 
tion8 of a luminouB gaeeoiiB medium wliicli entirely en^eloi^ 
Bua, and that tlie characteristic spectrum of tbe promine] 
could be obtained on bU side^ of the eun. He ^timates 
thicknesa of this gaeeoua env€loi>e to be about 5,OOi> miles, 
remarks that the pure spectrum of a promiDetice oonsistB oi « 
bright lines, but that if the slit of the instruraent be directec 
to the limb M N of the eun as already explainea io Fig- 132, 
kept perpendicular to the tangent a c of tHis epot, a nai 
stripe abed of the solar gpectrum will be seem frimged b> 
faint spectrum a ef € of the air and the proiiiineiice jp- A 
thifi way the bright lines of tlie prominetice are &o closely jo 
to the Bolar spectnim as to form prolongatioas of tlie FraUJil 
lineSj it is easy to ascertain with great accu:raey vrliicli oi 
lines coincide with the Fraunhofer Hues aii<i i^'liicli do not- 
the spectroscope be directed actorditig to tliijB raethod to tin 
treme edge of the sun, and the slit carried round tlie stiti 
spectnim of the prominences will be iroBaediately reeogrii 
and as the lines appear only where an aceumulatiori of hydri 
IB present, from the greater or less length of tlieee bl^gbt III 
drawing of the form and position of tbe promrEieiices r< 
the sun may be made with almost the same accuracy aa du 
an eclipse, 

A prommence thus observed and sketched bv Xx>ckv« 
shown in Fig, 134. As the length of the bright lines dep 



^pon tlie height of the prominence ut.. 

yctroseope is directed, and these Tno^^"" '"^^^^^ ^^^ -Ht c 
of the m.trm^ent when the light of the bf ^^ ^^^^ ^^ the 

Aumiuoua gas falh 
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PBOMHTENOE-SPEOTKUM IN SUJST^XaTlI^'JB:- 

, , -■ _._ >-fc<=* <i£jrected to 

the dit, it is easy to see that attention need c».:E»-ty_ «>» -s-„ stance in 

one of these bright lines, the blnish-green F-lSa::*- « *ox- "* J^ jj^^ J i^ 



order to determine the fonn of a prominence. _ -i-r, view- 
observed to be of some length, a prominence ^» J" T^^S\^^ +hi 
and if the sUt be turned dowly to the right a.:n-<a- *o *!=■.« AeK, tne 
„, , ., ^ 1 i«« .«^~i;,^o aa -tf^l-K «^ -■r>i-«r>:Mnci.a.ii.eiice is 



line will lengthen or shorten accordmg as -fcli»-« ^proDaMience 

higher or lower; it will also appear interrup-fc«»<a., <lx-«^^^«cl, or as 
at the point a isolated from the solar spectrum. a,<5<5or<aj.ixg as the 
prommence itself is interrupted or separated fi-o33C -fc^e s-cm'slimb. 

Lockyer was undoubtedly lie first to sugg-e^-fc tlxe ^>ossibaity 
ot observing the spectrum of the prominences i:K3. ox-«ajjM:a.a,xy buh- 
light, and to famish a method for the purpose ; .^^aziss^si -wras the 
flSt to accomplish the feet. Under such circm3a.&-fc ^xx ce» i-fc is need- 
less to discuss to whom the priority of this ina.ixr>jrt;a. n-fe <aiscovery 
is due ; the feme conneetbd with it is suffici^3=».-fclj»' ^;^K-^»a.-t: to be 
Bhared- by these two observers. 

Th-e possibility of observing the lines of tlx 
bright sunshine lies in the differenfce between 
the solar Mght and that of the prommences ; wrltSI 
continuous, crossed with the dark lines, the ^trfc-=*--- 
Iv of a few bright lines. If both spectra be forx: 
troBCope at the same time, the intense brightness <:>:f -fclnL 
ons spectrum will in an ordinary instrument <sodc*.i>X^ 
Tjower the one consisting of Imes, and prevent i-fc« T>ei 
It has, however, been shown (p. 163) tiiat, b^r ix^cr 
number of prisms, the spectaimi may be gr^tly e»3c-fc«ixc 
bv the continuous spectrum becomes considerably <ai 
intensity, and may, indeed, by the use of a suffico^ 
SLms, be rendered almo^ invisible; the bght: 
Lnce4 on the contiiry, co^^^ of very few coloi«, 
becoming farther separated one from another \^:y- 
di«>er8ion of the light, are yet merely displac^^a. 
^Xfany very pe^Sptible loss of light, ^-t -^^-^ 
in the spectroscope as very bright hues. It tli^:^- 
^t by the use of a spectroscope J^^^g^y^T^ 
Wazzline light of the sun is modified, whde t^^ 
So^lncS retaining their intensity may be obs^ 
S,e disk of tiie sun. The greater, therrfore, fte ^ 
S of tl^e instrument, the brighter will the colore 
proimnences appear to be. 
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It was on tueae co» proiumences iw „un>o»« 

means of a *«^«^P^*™3ro6e^l>e, dceh, ftr«^y X :P, <* 
,oa» « « & to .m «^l»^"J^„dicularly on to t^« ^^i,e 





Lookyet's Tek'^poctroftcope, 



epectroscope from end to end of the epectrmm, and 
foeiis each time, the bright lines of the proiniTierLcea xi 
as pTolongatioas of the dark lines of the speetnjm o 
disk on a background of the exceedingly faint speel 
earth's atmosphere. In the picture, B ie tkxet finder 
for moving iiie tele8Cox>e in declination, ^ tlie tiil>€ 
the slit, h a small teleecope for reading the divisioni 
crometcr-screw head, partly concealed by the rod a. a., 
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The telescope, ao excellent refractor of &^ 
and 98|> inches focal length, ib driven by dock:— 
troBCope, constnicted by Browning with his ^v^< 
is represented on an enlaiged scale in Fig. 13S« 
separated from the telescope, and the small 1 
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"JCtxe speo- 
abilitj^ 
j^^^I>iece is 
'fcixe sun is 




Lookyo's Tdespectrosoope constnicted 1^ Brownlia^^^ 

therefore formed beyond the tube of the teles^ 
necessary, be easily received upon a screen. Tlx^^ -. • — 
limator d is fixed precisely on the edge of thia Szr-^C^ ^^ 
small telescope « so fitr turned round the pivot ir^ -j-^ ^^^5^^ 
screw Tir as to bring the dark line C or F of th^ ^ ^^ *1:^^ 
into the middle of the field of view. The a^xz^.^^^^;;^^ 
spectroscope to the telescoi)e allows of the slit^ -p ^-^"Xx^ 
either radially or tangentially on to any part of "tix^ 
required. The system of prisms C consists of is^^ 



^^*»o col- 
"^^i the 




^ ^^ the 

as 
^s of 



J^ioab 
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SFEOTRUM ANALYSIS. 



dena« flint glass* of 45° each, and possesses a refracting angle 
of more than 300" : when a etilj greater disperaion is needed, 
Lookyer employs an eighth prism of 60°, and in some specisi cases 
even makes use in addition of a system of direct-vision prisms, 
which IS introduced into the teleacope-tube «. 

Fig. 137, in connection witli Fig. 132, will explain more 
clearly this method of observing the prominences. S represents 
the solar image as formed by the object-glass of the telescope; 
J>j> the image of the immediate neighborhood o( the sun, which 
« rendered invisible owing to the overpowering light of day. 
1 he silt 9 8 IS placed perpendicularly to the sun's limb, and is 
therefore in the direction of the sun's radius, so that one half 




UeUiad of 



Dbwrrlny the PlmmiraoM, 

falls on the son's disV «..t,;i > *i. 

to the surroanding e'nvelol .°*- ''*y'"".*''^^. ^^**"^ ^«y<>^d i* on 
nences). In spectnim J X.)?- ^^Z'l^- ^J^^^^ (the promi- 
weakened by tho gri 'dls^^^ • ' ^^'l ''."^^ *^^"«^ very much 
lines are very atron^gly L.tS'^-" ^^ * ^ "^^^^^ Fra^ofer 
•ThegU.b.d..pl! The other half of the field of 

l»^We power of 0.0752. "" «™"ty of a,*»i^ ^ refract<jry iodex of 1.665, and a dia- 
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view contains the spectmm of the air 2, 3, whia 
faint, and which by a sufficient increwie in the n; 
may be very nearly extinguished. The spectrum 
nence stratum pp appears upon this spectrunx 
contact with the spectrum 1 of the sun's disk, an 
found by observation that spectrum 2 consists of 
lines, among which the hydrogen lines are at all ti 
ly brilliant, of which Ha (red) forms the exact pr 
C, H)8 (greenish blue) the equally accurate proloa 
and H7 (blue) less refrangible than G (not repra 
drawing) ; there is also to be seen the line as yet 
inmiediately following the sodium line D,. 

In Plate IX., No. 4, is represented the spectru: 
and that of its immediate neighborhood, as it usua. 
a large telespectroscope with a radial slit. In t9=] 
trum, besides the four bright lines of luminous bi^- 
bright lines are generally visible, being the reversals 
hofer lines ; among these, the yellow line D, beyoxi_ 
present, and frequently a green line due to iroix. 
hoff), besides the three magnesium lines h^ and, 
observation by Eayet, the two sodium lines D, 1 
the circumstance of the spectrum of the promine: 
that of the gaseous 'stratum pp immediately 
sun, being composed of colored lines, Lockyer h^i 
gaseous envelope the name oi ch/romo&phere. 

The slit may also be placed in a position to^a^ 
sun's limb, as at 8^ s^ (Fig. 137), and the light 
exclusively from the immediate neighborhood of tlx 
from the chromosphere, or else in conjunction 
the extreme edge of the sun. 

Instead of examining the direct image of th^ 
by the object-glass, a magnified image may 1>^^ 
drawing out the eye-piece of the telescope and diij^-^ 
on to this enlarged image. 

The telespectroscope employed by Profi Tou:^:^ - 
essentially of the same construction as that just ^^, 
by Lockyer. 

Merz, the celebrated optician of Munich, co:^:^ 
vision spectroscopes of great dispersive power, :^^ 
scopic observation of the prominences; they aflp^-^ 
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tage * of viewing directly the object to be observed — ^as, for in- 
stance, the sun's limb, a prominence or a spot — and are intro- 
duced into the telescope in place of the eye-piece. Fig. 138 
shows the interior construction of such a spectroscope. The 
system of prisms P has a dispersive power from D to H = 8*^ ; 
liie collimating lens is placed at C ; one-half of the slit 8 8, adjust- 
able by the screw 8, is covered by the reflecting prism r, which 
receives the light used for comparison, whether that of a flame or 
a Geissler's tube, from the side oppomte to where the screw S is 
placed ; L is a cylindrical lens employed for stellar observations, 
but withdrawn for observations on the sun. The telescope F, 
of which the object-glasses have a focal length of four inches, and 
an aperture of seven lines, is provided with the positive eye-pieoe 
O of one inch, and furnished with a micrometer of points m 
m, with the necessary delicate adjustments. By means of the 
screw ffy the tube F, under pressure of the opposing spring j^ can 
be so &r turned toward either side as to be fixed on any put of 
the spectrum from the extreme red to the violet. 

In this form the instrument acts as an ordinary highly-dis- 
persive spectroscope, particularly when it is screwed into the place 
of the eye-piece of a telescope in order to observe the spectrum 
of a faint object, such as the moon, the planets, or the brightest 
of the fixed stars. 

When the instrument is required for the observation of the 
solar prominences, its dispersive power must be doubled by the 

Fte.lB& 




Mexz> Simple and Oompoimd SpectroBOope. 

introduction of a second direct-vision system of prions similar to 
that marked P between the collimating lens C and the first sys- 
tem of prisms. In this compound form the instrument shows 

* [There is do advantage in this ; on the contrary, the positioii of the obeerrer is 
Ubb convenient, espedally when the sun is high.] 
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very diBtinctly in a dear atmosphere the fine- nickel line between 
the two Bodimn lines D, and D,. To assist in directing the 
instrument on to any part of the sun's limb, a divided position- 
circle is attached within the tube at the part where it is screwed 
on to the telescope. 

According to Carpmael, one of Browning's direct-vision sys- 
tem of seven prisms, similar to that contained in the spectro- 
scope described in page 85, suffices, when combined with the 
two-inch object-glass of a good telescope, to show in sunlight the 
two bright prominence-lines H a and H fi. When the instru- 
ment is so mounted as to be turned with convenience on to the 
Sim, a blue glass is placed before the slit, so as to exclude all but 
blue light from the spectroscope. When the image of the sun 
formed within the telescope passes over the slit, and the slit is 
placed in the right position, the bright greenish-blue line H fi 
will be seen as a prolongation of the F-line of the solar spectrum. 
By substituting red glass for blue, the red line H a wiU be seen in 
a similar manner as the prolongation of the line C. 

Immediately upon the arrival of the news by telegraph of 
Janssen's discovery, Secchi, at Some, began a series of spectrum 
investigations of the prominences. He employed a spectroscope 
of two excellent flint-glass prisms of highly-dispersive power, 
capable of showing the fine Fraunhofer lines situated between B 
and A, and placed it in combination with an excellent equa- 
torial. Even on the first attempt, as the narrow slit was fixed 
on the sun's limb, the lines C and F were observed to be re- 
versed in the spectrum of the air, and appeared therefore as 
bright lines. • * 

Secchi then carried the slit completely round the disk of the 
sun, placing it alternately in a direction parallel and perpendicu- 
lar to the sun's limb. He observed that the bright line C (red) 
was everywhere visible ; with the slit in a position perpendicular 
to the sun's limb, this line was always from 10* to 15* in length, 
excepting in a zone of 45^ on each side of the equator ; in this 
region, where the solar spots and faculse are known to abound, 
this line was four times its ordinary length. In many places the 
C-line was separated from the sun's limb; when the slit was 
placed at a timgent to the limb, this line always appeared as a 
bright line crossing the entire spectrum, and sometimes was cut 
up in single pieces when the slit was removed from the sun'a 
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THE CHROMOSPHERE AND ITS 8PE0T7J 

d'lring the observation tl\jB slit of the spectroi 
radidUyj as in Fig. 137, so that, while one half e:x:i 
sun's limb, the other half falls on the chromospke 
spectrom of the sun and chromosphere will then t 
shown in Plate IX., No. 4. So great a power of" 
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be plarced 
<3iM ovGjr -tlie 

^IxG doTiTble 
K-eceived as 

rp^rsion is 




Tlie Spectrom of the Sun's Disk (below) and that of the Chromoephere (aboye> i 

requisite in a spectroscope suited to this purpose, in o 
due the spectrum of diffiised daylight formed at the 
that only a small portion of the spectrum of the oh^z^^, 
can be in the field of view at once, and therefore tl^ 
must be brought in various directions on to the systej 
in order to examine the diflferent sections of the entire 
Figs. 139, 140, and 141, represent, after Lockyer*^ 
those portions of the spectrum which are usually obs^ 
they are those best suited for the examination of the j>: 
and the chromosphere, and for noticing the changes o 
tiiem. Fig. 139 shows that part of the solar specfc; 
includes the C-line, together with the similar porfc^ 
chromosphere exhibiting the hydrogen line H a, eqjxz^ 





*o sub- 
^ tiime, 
^si>liex^ 

since 



seems to imply that the colored layer forms a spherical envelope, 
-why the fine word Sierra should not be restored to its place in our 
omy, and the brighter and fainter pacts of the corona should not b^^ 
and gU>r^ ; or else the Astronomer Royal^s mode of describing them ''^i^^^^^ 
and one called the ring-formed corona, the other the radiated corona,^'*'^ 
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the same width throughout as the 0-line. -i? ^^.^^^ ^-^-wii^ELxri^liii^e D, 
that portion of the spectnun beyond the doixT>II ^ ^J^tt* as of the 



where about midway between two very nn©^ ^^ "^^^ • t:He eT>eo- 

solar spectrum the yel unknown line D, is si.^^miM^^^'^^x^ -asxiM. p«o 



trum of the chromosphere. ^ , 

While the red line Ha is always brilKantai^ci ^^aoiljr seen, l;ne 

greenish-blue line H fi, though also very bri^l^*, ^^m-.?^\^^ 
fainter and frequently also much shorter than i=JL ^»- "^^lio J? -line, 

as well as its correspondmg line H ft is subj»<5-fc *o »^ variety of 
changes, such as becoming inflated, bent, widex3L^<i, -fcjB^ist;o<i, and 
broken up— a full description of which will be f<>"*aL:Ei.<i iKZM. § 5T. 

Besides these bright lines constantly occurrii^,^ ix^ -fclxo speetra 
of the prominences and the chromosphere, tbi.^:HT^ ^j^jp^^^^T" from 
time to time in various places of the spectrum rr^^:aoM.^ o^]ki.^ir l>riglit 
lines, very marked and brilliant, among which i^ £^ lixx^ ixi tlie 
red between B and C, but nearer to * (Fig. ISO, Ut^o. "Ty^ a^xxotlier 
in the green between E and F (Fig. 130, Nos. ^, S, S>^ t;lxe iron 
line 1474 (K.), the magnesium lines, etc. 

In the same way the third hydrogen line ±JL -y 
(Fig. 130, Ko. 2; Frontispiece No. 7), No. 27^^ 
very brilliant under favorable circumstances; aixc3. 
transparent and free from vapor, and a high pr o>m 
ent, there is also seen the fourth hydrogen line JtM. 
K.), which coincides precisely with the dark lizK:^^ 
Angstrom, of a wave-length of 0-00041011 of a iDaillirxxi 
line was seen by Eayet with great distinctness <z>xi tlx^ 
April and on the 1st and 20th of May, 1869. Mn.^ x-o<i 
C does not correspond with any of the dark Fraii.:K::^J:j^ofej 
The remarkable yellow line D, (Fig. 140) is se^i^zc^ - - 

in every part of the circumference of the sun's di^Ic: 

gen lines ; the luminous gas to which it is due irxxxisfc 
like hydrogen, form a constituent of the chromosi>l^^ 
has been unable to find any corresponding dark lir 
spectrum for this line, notwithstanding the most __^ ^^.^-^ 
metric measurements, and the most painstaking co»cxx>«x-i€ 
the mai>s of Kirchhoff and Gassiot. 

• fProf C. A. Young, on December 21, 1870, saw, in the spect«aa.xKi otf ^ 
-. «m11 prominence on the N. W. limb of the Bun, the line belo^««^ ^ 
^ri^ before, but had often looked for in vrin. It la the r©^^,^ 
seen twicw ■■'^ ; . — , i 

-line, 666, of KiTchhoff 's map.] 
19 
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THE CHROMOSPHERE AND ITS SPECTRUM, 211 

The four magnesium lines &„ J^, &„ J^,* are seen not mifre- 
qnently as bright lines in the spectmm of the chromosphere, bat 
almost always as very short lines, which seems to show that the 
vapor of magnesium does not rise to any great height in the 
chromosphere. When these bright lines are visible, the first 
three, ft,, i„ ft,, , appear of about equal length, while the fourth 
line, J^, is muchdiorter (Plate IX., No. 4). It has been found 
by Lockyer and Frankland that a similar phenomenon to that 
observed in the chromosphere is to be noticed in the spectrum 
of terrestrial magnesium when formed by the passage of the 
electric spark through the air between electrodes of this metal, 
and the poles too far separated to allow of the spectrum extend- 
ing from one pole to the other, but each pole surrounded by a 
luminous vapor of magnesium. In observing at a short distance 
the spectrum of this luminous gaseous envelope, the most re- 
frangible of the three magnesium lines that made their appear- 
ance was always the shortest, and sKorter still were several other 
lines which have not been observed as yet in the spectrum of the 
chromosphere. Of the many iron lines occurring as dark lines 
in the solar spectrum, only a few appear as bright lines in the 
spectrum of the chromosphere ; among these, the line 1474, sa 
often referred to, which shows itself as a short green line, is that 
most frequently observed. i 

At certain times, when powerftd eruptions from the interior 
of the sun extend into and even beyond the chromosphere, the 
spectrum of the latter becomes very complicated. Phenomena 
of this kind have been frequently observed by Lockyer with a 
tangenMal slit. This position offers the advantage of viewing at 
one time a much larger extent of the sim's limb, or chromo- 
sphere, than can be obtained by a slit placed radially, although 
the latter position is advantageous when the object of the ob- 
server is to watch the changes occurring in the chromosphere, or 
to observe especially the form and height of the prominences. 
When the slit is placed tangentiaUy U}>on the sun's limb, so that 
portions of the sun and chromosphere are visible at the same 
time to an equal height in the slit, the spectra of the sun and 
chromosphere are no longer seen side by side, but are partially 
superposed, the one obscuring the other. An instance of this ia 

* [Three only of IBese Hnee belong to magnesiuin, 5a oonsiBts of lines 'of nickel 
anttiTon.] ; i... . 
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sphere is that of the widening at the base and 

termination of the greenish-blue line H )3, as 

ing to a point of the other bright lines H ^ 

sented in Figs. 139, 140, and 141. The 

width of the spectrum lines have been pointed. 

have been found to consist partly in the densitry^ 

pressure, and partly in the temperature of the 

to some experiments made by Secchi, the te] 

to exercise the most important influence upon. 

lines. At a given temperature, and at a certA^i 

faction, th€ spectrum of hydrogen consists of ttm.^^ "fclx:ir- 

Via. 148. 
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Fntlal Covering of tlM dftrigr-Une with H fi, 

istic lines H a, H )8, H 7. With an increase of t; 
Jine H 7 is the first to begin to widen on. both 1 
becomes similarly affected, while H a remains "ttxx^^j-^ 
when H 7 has passed into a broad, ill-defined viol^^ -j^ 
the gas is rarefied, then H a is the first to disap jy^^^^^^^^ 
remains unaffected. On the other hand, it seenria -fc<^ 
from Secchi's experiments that, with the same ^^xxisifc "^ 
decrease of temperature is followed by a narrowixx^g- o:^^ 
lineft, and that, with a given density, there is a Hxxxiti -i 
crease of temperature at which they will entirely dija^.^^,^^^ 
pointed termination of the bright lines in the 8J>^^3^^^ 
chromosphere indicates therefore that the temp^ 
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noticed by Prof. Young on the 19th of Aprils 
C-line (H a) was remarkably bright, bo as 
form being observed with a tolerably wide ope: 
but in no part was the line either twisted a: 
F-line (H ^8), on the contrary (Fig. 145), though 
iant, was everywhere broken up into pieces, and 
three or four times wider than usual 




tXAf. 
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-^O. The red 
.s^dinit o£ its 
of tlie slit^ 
oJsiGT^. The 
^^<^\JLSL\ly l>rill- 
^ base ^w^LS 



Fio. 140. 




Changes In the Une H ^, after Yoimg. 



It wiU presently be shown in what manner the 
of a spectrum-line and the phenomena, depicted im 
145, are connected with the moUon of the luminous 
to ^hich these lines in the spectroscope owe their o 
however, as in these instances, only one of the sj^ 
(H i8) is 90 affected, and the other Ihie (H a)iremaiii^ 
it is scarcely credible that the cause of this phenom^ 
found m the eddying motion of the gas whence the Zt^ff^ 
ted. Young is of opinion that phenomena of this fci 
attributed to some local absorption, by which a line ^^ 
is much spread out by the influence of pressure and 
is particularly affected. By means of Iris powerful i^ 
composed of five prisms, Ypung was able to wat(5i; 
phenomenon for half an hour at a time. 

A series of similar but still more complicated 
occurring in the bright spectrum-lines of a pro; 
causes of which will be dealt with more in detail 1 
observed by Lockyer in April, 1870, when some bI^ 
taken of them by an experienced draughtsman. In -^ 
the phenomena were confined chiefly to the red C-y 
I^ckyer directed his attention almost exclusively 

When the air is exceedingly tranquil in the nei^^j^^^ 
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frequently observed in the spectra of the solar spot^. 
Young's new spectroscope, an instrument possess!: 
power equal to thirteen prisms of dense flint glass^ 
The line D, was not visible in the umbra of" 
showed itself distinctly in the penumbra as a dark: 
• the afternoon of the 28th of September, the folloM^ 
seen, bright or reversed, in the spectrum of the 
same spot, in the following order of brightness 
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Tonog's Obaervatton of the Beyersal of the D-Hnet. 

(KO, or H7; J., J„ J.; D„ D.; A, J„ and 1474 (K.) 
of this phenomenon was soon revealed by the appe&: 
gigantic prominences which were observed as brillia.: 
the spectroscope on the sun's disk ; one extended intc 
of the spot, the other only as &r as the penumbra. 

A simple method of illustrating the occurrence o: 
taneous observation of the spectra of the immediate 
of the sun (the chromosphere) and the sun itself has l> 
by Lockyer. He noticed that the flame of an ordiua: 
Btearine candle is surrounded by an envelope of so 
not ordinarily visible, but which can be perceived, i 
on the application of the spectroscope, by the exists 
yellow sodium lines. If the slit of Uie instrument, 
slowly from the slide into the flame, at the spot a little 
place where the wick bends outward, the bright lin^ 
once appear against a dark background : by a further^ 
of the slit into the flame itself, a second spectrum, the 
spectrum of the flame, is formed, and there will be s^. 
side, in the same field of view, the two spectra — that 
'and that of the sodium-vapor by which it is envelope. 
flame be agitated so as to produce a flickering, the "b^ 
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By applying these phenomena to the sun, we are led, with 
Angstrom to the condnsion that the temperature of that luminary 
is on the one hand too high to permit of such combinations as 
carburetted hydrogen, cyanogen, etc., being formed, and, on the 
other hand, too low to allow of carbon being converted into a 
gaseous state, so as to form its spectrum, or to produce the spectra 
of oxygen* and nitrogen. 

Similar results have been arrived at by Wullnerj Secchi, and 
Zollner,* Wiillner by means of experiment (p. 122), Zollner by 
ingenious reasonings upon the behavior of hydrogen, nitrogen, 
and oxygen in the sun as affected by variations in their density, 
specific gravity, and emissive power, founded upon the supposi- 
tion that the eruptive forms of the prominences are to be re- 
garded as the result of hydrogen gas rushing to the outer surface 
irom the interior of the sun, and that the cause of these eruptions 
is to be sought for in the difference of pressure to which the gas 
is subject in the interior, and on the surface of the sun. Calcu- 
lations made on this hypothesis, taking into accoimt the amount 
of hydrogen present in the sun, would lead us by analogy to re- 
gard the amount of oxygen and nitrogen in that stratum where 
the hydrogen spectrum begins to be continuous as extremely 
small in comparison with the amount of hydrogen. Those rays, 
therefore, which are given out by a stratum of hydrogen yieldhig 
a continuous spectrum, pass through so smaU an amount of in- 
candescent particles of oxygen and nitrogen in coming to our 
eye, that the absorption they suffer is extremely small, and there- 
fore not perceptible. For this reason, even supposing the sun to 
possess an atmosphere of nitrogen and oxygen similar in density 
and temperature to its atmosphere of hydrogen, the lines of nitro- 
gen and oxygen would still fail to be visible either as dark Fraun- 
hofer lines in the spectrum of the sun, or as bright lines in the 
spectrum of the chromosphere. It must not be concluded, there- 
fore, from the absence of the lines of nitrogen and oxygen in both 
these spectra, that these substances are not present in either the 
sun or the chromosphere. 

From all these observations the following results may be de- 
duced concerning the nature of the chromosphere : 

1. The body of the sun, or its light-giving envelope the photo- 

* 

* Zollner, Ueber die Temperatur and physisohe Beschaflfenhat der Sonne. Bericht 
der Eonigl. S&chB. Gesellsch. der WissenBchaften vom 2 Juni 1870. 
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sphere, is completely surrounded by a gaseous envelope in which 
hydrogen constitutes the chief element, and which is called the 
chromosphere. Its mean thickness is between 5,000 and 7,000 
miles. 

2. The prominences are local accumulations of the chromo- 
sphere, and therefore preeminently of hydrogen gas, which ap- 
pear to break forth from time to time from the interior of the 
sun m the form of monster eruptions, forcing their way through 
the photosphere and chromosphere. As this gas on effecting a 
passage rises with great rapidity, it becomes quickly rarefied in a 
direction away from the sun's limb. 

3. As in the spectrum of the chromosphere the greenish-blue 
line lB.fi, coincident with the Fraimhofer line F, takes in general 
the form of an arrow-head, the base of which rests on the sun's 
limb, and the widening of this line is caused by an increase of 
pressure as weU as by a rise of temperature, therefore the press- 
ure and the temperature of the gas in the lowest stratum of the 
chromosphere must be greater than in the upper part. From 
the experiments undertaken by Lockyer, Frankland, Wullner, 
and Secchi, it appears that even m ^ lowest stratimi qf this 
gaseous en/velope tke pressfwre is smaUer tJum iJuU of owr atmos- 
phere, therefore {hoi the gas of the chjromosphere is ma state of 
greater aUenuation. 

4. The greenish-blue line H)3, which under normal condi- 
tions is of the same width as the lines H a and C, sometimes in a 
prominence swells out in a globular form, and is twisted over the 
chromosphere line (Fig. 144), the cause of which is probably the 
sudden and violent meeting or damming up of streams of gas, 
and their consequent condensation. 

6. The three characteristic lines of hydrogen H a, H )8, H y, 
as well as a fourth blue line, are all observed with complete cer- 
tainty in the spectrum of the chromosphere and that of the prom- 
inences ; in good instruments, and under favorable atmospheric 
circumstances, the first two lines sometimes extend into the spec- 
trum of the regions underlying the chromosphere, and thus cause 
the corresponding Fraunhofer lines C and F to appear as bright 
lines upon the sun's disk. The yellow line D, of the chromo- 
sphere is neither due to sodium nor to hydrogen, nor is the red 
line less refiungible than a hydrogen line ; it has not yet been 
ascertained to what substances tiiiey belong. 
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6. Under the chromosphere lies the luminoiis doud-like va- 
porous omebvloxiBphatospherej which contains all the substances, 
the spectrum lines of whidi appear as absorption lines in the solar 
spec^nmi. These substances — among which iron, magnesium, 
and sodium, are especially prominent — often burst forth in a state 
of incandescence, and are carried up to a certain distance into 
the chromosphere and into the basis of the prominences, though 
not in general to any considerable elevation. 

Secdii has been led to believe from his observations during 
the total eclipse of 1860, as well as from those recently under- 
taken with his large instrument, that the chromosphere does not 
immediately rest on the sun's limb, but is separated from it by a 
very thin space of white light from 2" to 3'' in thickness (40,000 
miles), which gives a continuous spectrum. Secchi is of opinion 
that Kirchhoff 's assumed aimosphere of luminous vapors, in which 
the white light of the' sun suffers the selective absorption pro- 
ducing the dark lines, is to be found in this stratum of white light.* 

This view is opposed by Lockyer, who denies the existence 
of this stratum of light separating the chromosphere from the 
sun's limb. According to him, the photosphere, a very narrow 
stratum of mixed luminous vapors which yield reversed spectra 
of the Fraunhofer lines, forms the border or upper surface of the 
solar nucleus upon which the chromosphere or stratum of glow- 
ing hydrogen gas immediately rests. 

Kirehhoff 's theory, that the solar nucleus is surrounded by a 
very expanded, non-luminolis, and comparatively cool absorptive 
atmosphere, must therefore give place to that of the glowing and 
light-emitting photosphere being surrounded by a luminous and 
intensely hot stratum of gas, the chromosphere, the spectrum of 
which consists mainly of that of hydrogen gas. Lockyer is of 
opinion that, from the extremely rarefied condition of this gas, the 
existence of any other atmosphere extending beyond it, as might 

* [Prof. Young, in describing hia obaerrationB of the total solar eclipse of Decern 
ber 22, 1870, says : '* Prof. Langley has so well stated what we saw (see note on page 
174) that it 18 not necessary to repeat it ; but I cannot refrain from putting on record 
that the sudden reversal into brightness and color of the countless dark lines of the 
spectrum at the commencement of totality, and thdr gradual dying out, was the most 
exquisitely beautiful phenomenon possible to conodve, and it seems to me to have 
considerable theoretical importance. Secchi's eonHsniaua tpedrum at the sun's limb 
is probably the same thing modified by atmospheric glare ; anywhere but in the clear 
sky of Italy, so much modified, indeed, as to be wholly masked.**] 
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be inferred £rom the corona, is very improbable, and that the 
thickness of the chromosphere wonld be indicated by the height 
of its spectrum lines, the bright hydrogen lines H a, H )9, H 7 ; 
these lines being broad at the limb of the sun, and running to a 
point at the top, lead to the conclusion that the temperature of 
the chromosphere, at the height indicated by the termination of 
the lines, is insufficient to keep hydrogen gas in a state of Imni- 
nosity. It has been ascertained (p. 122) that an increase of tem- 
perature imparts to hydrogen the power of widening its spectrum 
lines, while, on the contrary, a decrease of temperature produces 
a narrowing of the lines. Now, the spectrum lines of a promi- 
nence are broad at the base in the neighborhood of the sun's limb, 
and terminate in a point (Figs. 140, 141) ; the temperature at the 
point must therefore be lower than at the base. The envelope 
of hydrogen may manifestly extend far beyond the limit of the 
bright lines without its existence being revefQed to us by the lines 
of its spectrum, and for this reason these bright lines afford no 
sufficient measure for the thickness of the chromosphere ; it is 
much more probable that, owing to a continuous decrease in its 
temperature and density, the chromosphere stretches put into 
space to a distance far beyond our power of recognition.* . 

57. Modes of oBSERymo the FsoMmENCES m Sunshine. — Fobm 

OF THE FbOMINENGES. 

As early as 1866, Lockyer attempted to observe the promi- 
nences in Ml sunshine by means of a Herschel-Browning spectro- 
scope placed in combination with a telescope. The method he 
employed, and which he laid before the Eoyal Society in a special 
conmiunication,t depends, as we have previously mentioned (p. 
264), on the specific difference between the light of the promi- 
nences and that of the sun itself. 

The light of an incandescent solid or liquid body which passes , 
through the slit of a spectroscope will be spread out by the prism 

* [ThiB eeems the plaoe to call Attention to the valiiAble paper by Mr. Johnstone 
Stoney, published in 1867, m which he Anticipated from theoretical considerations 
some of the results dnce obtained from observation. — See Abstract, *' Prboeedmgs 
Royal Society,*' voL xvL, p. 25, and voL xvii., p. 1.] 

t [In Lockyer*s communication to the Royal Society in October, 1866, there ins 
mb statement of a method of observation or of the principles on which the spectro- 
scope might reveal the red flames. His suggestion consisted Only of the following 
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# 

into a band of greatef or lees length, and form a ccmimvxAis specs^ 
tnun. 

The light of a gaseous or vaporous body will by the same 
means, on the contrary, be decomposed into a few only, some- 
times even into a very few, bright Imss. 

In the first case, the greater the length of the spectrum, the 
less will be its intensity in comparison with that of the source 
of light ; in the second case, especially when the spectrum consists 
only of a couple of lines, the intensity of each line is little less 
than half that of the light itself. 

If, therefore, an equal amount of light from two self-luminous 
bodies, one of which is solid or liquid, and the other gaseous or 
vaporous, enter the slit of the spectroscope at the same time, the 
bright lines of the latter will be more brilliant than the color of 
the corresponding portion of the continuous spectrum. 

Now, by increasing the number of prisms, the continuous 
spectrum may become so elongated, and consequently diminished 
in light, that, as we have already mentioned (p. 163), the once 
brilliant solar spectrum may be reduced to the verge of visibility, 
while the same amount of dispersion produces on a spectrum of 
lines from glowing gas only an increase in the distcmoe ietween 
the Une8y and no considerable diminution of their brilliancy. 

The reason why the prominences round the sun's limb cannot 
be seen through a telescope at any time by screening off the 
intense light of the sun is owing to the extreme brilliancy with 
which the sun illuminates the earth's atmosphere, the particles 
of which scatter so large an amount of light as quite to overpower 
the &inter light of the prominences, and prevent them making 
any sensible impression on the eye. 

In a total eclipse of the sun tiie light of this atmosphere is so 
considerably reduced as to allow the larger prominences beyond 
the limb of the sun to be observed by the unassisted eye. The 
.possibility of reducing the glare of sunlight at any oliier time 
without extinguishing the light of the prominences rests on the 
circumstance already mentioned, that the light of the sun consists 
of rays of every color, and therefore produces in a spectroscope 

queBtion : " May not the speotrosoope afford ub evidence of the existence of the ' red 
flames' which total edipses haye revealed to us in the 8un*B atmosphere; although 
they escape all other methods of observation at other times ?" -^ '* Prbceedings 
Royal Society," vol. rv., p. 258.] 
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of highly diBpersiye power a long and faint gpeetrom, while the 
light of the prominences, consisting in general of only three or 
four kinds of rays, remains even after the greatest dispersive 
power still concentrated into the same number of lines (H a, H 

)9,H7,D.). 

It was on these principles, first announced by Lockyer,* that 
Janssen succeeded the day after the edipse of August 18/1868, 
in observing the spectrum of the prominences in sunshine. That 
the method he employed was no other than that suggested by 
Lockyer is evident from his own communication to the Frendi 
Academy, dated Calcutta, the 3d of October, 1868, in which he 
expresses himself as follows: "The principle of the new method 
rests upon the difference between the spectrum peculiarities of 
the light of the prominences and that of the photosphere. The 
light of the photosphere, which is derived from incandescent 
solid or liquid particles is incomparably stronger than that of 
the prominences which is derived from gases. On this account 
it has been impossible hitherto to see the prominences except 
during a total solar eclipse. By the employment, however, of 
spectrum analysis the circumstances of the case may be reversed. 
In fact^ hy the process of a^Mdyza/Uon the light of the sun is die- 
pereed over the whole ra/nge of the spedo'imij omd its intensity 
beoomes considerably lessened. The prommenoes^ on the oontrary, 
furnish only a few detached groups of rays which are bright 
enough to bea/r comparison with the correypondi/ng rays of the 
solar spectrum. It is for this reason that the lines of the promi- 
nences may be seen easily in the same field of the spectroscope 
with the solar spectrum, while the direct images of the promi- 
nences are invisible on account of the overpowering light of the 
sun. Another circumstance very favorable to this new method 
of observation lies in the fact that the bright lines of the promi- 
nences correspond with the dark lines of the solar spectrum: 
they can, therefore, not only be more easily recognized in the 
field of the spectroscope along the edges of the solar spectrum, 
but also detected on the solar spectrum itself, and their traces 
even followed on the very surface of the sun." 

As soon as Janssen and Lockyer had succeeded by this 
method in observing the spectrum of the prominences indepen- 
dently of a total eclipse, it became a question whether it would 

* [See note on page S62.] 
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not be possible not merely to see the lines of the prominenoes, 
bat also to make their actual forms visible during sunshine. 

The length of the bright lines of a prominence, the line H ^3 
for instance, corresponds with the height of that part of the 
prominence which lies in the direction of the slit, and it has been 
already shown (p. 264) how by passing the slit over the surface 
of the 'prominence, and mapping down the varying height of the 
line H /8, Lockyer succeedeid in constructing the outlLue of a 
prominence. 

Janssen, on the contrary, proposed to bring the slit succes- 
sively over every part of the surface of a prominence by means 
of the quick rotation of a direct-vision spectroscope, so that 
when the motion was sufficiently rapid he might be able, owing 
to the duration of the impression of light upon the eye, to see 
the complete outline at one view. The same idea occurred both 
to Lockyer and ZSllner: the former, without interfering with 
the spectroscope, merely gave the sKt a rapid revolution in a 
direction at right angles to that of the instrument ; the lattei 
accomplished the same end by giving the slit an oscillatory 
motion by means of a spring. But these experiments,* though 
giving promise of success, were soon abandoned for other 
methods, partly on account of the mechanical difficulties they 
entailed, partly because it soon appeared that the object could be 
far better attained by a much simpler process. 

Huggins had already been working for two years in another 
direction, ^b the prominences were pale red or pink in color, 
it occurred to him that it might be possible to see them AiUy 
during sunshine, if he could succeed, by the intervention of 
colored glasses, in eliminating the intense yellow, green, and blue 
rays from the white light of the sun. Were this accomplished, it 
was to be expected that the red light of the prominences would 
alone pass unobstructed through the glasses, and be no longer 
overpowered by the remaining atmospheric rays, so that the 
forms of the prominences themselves would be seen direct by 
the aid of a telescope or an opera-glass. 

After selecting with great care, by means of prismatic analy- 
sis, a number of colored glasses and fluids suitable for this pur- 
pose, Huggins examined the sun by their aid, both by viewing it 
through them directly, and also by projecting the image of the 
sun upon a screen in a dark room, after the white light had pre- 
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vionely been sifted, so to speak, by means of the system of 
colorcid media.* 

This plan, however, failed in accomplishing its object, and in 
tlie winter of 1868 Huggins resumed his labors by employing as 
a medium a ruby-colored glass which permitted only the extreme 
red rays of the spectrum to pass through. On February 13, 
1869, he first succeeded in bright sunshine in seeing a promi- 
nence with sufficient distinctness to determine its form and draw 
ite outline. 

For this investigation he made use of a spectroscope in which 
a narrow slit had been introduced between the prisms and tb© 
objet t-glass of the small telescope, close in front of the latter.f 
ThiH alit admitted into the telescope only those rays of a refran- 
gibility exactly corresponding to that of the line C. As the 
h-tght C-line (K a) always occurs in the spectrum of a promi- 
nence, Huggins knew that when he saw this line visible in the 
instrument a prominence was in the field of the slit: when he 
wideii^ the slit of the spectroscope so as to view the whole form 
of the prominence, the spectrum became so impure that the 
image could only be traced with diflSculty, and the light from 
the tieighborhood of the C-line became at the same time so in- 
tense as to interfere injuriously with the susceptibility of the 
eye, lie then applied a deep ruby-colored glass to absorb the 
rays of a diflferent refrangibility to that of the C-line, when the 

ae V*^ * ^^*® ^^^^ ^^^^ *^e jRoy*l Astronomical Society in 1869, Huggins says: 
bubeequently, when the Indian observations had confirmed my suspicion that tHe 
promiji^^oes would give bright lines, and also show their position m the spectrum, I 
tried >i Urge number of colored media. The difficulty is, to find two media which by 
their combination shall absorb light of all refrangibiHties except precisely that of the 
I'llt r,r® "f^® ^- ^^ ^^^ * "^^ ™»«e o^ refrangibility besides that of the line 
^Jfcted be allowed to pass, the scattered li^t of the atmosphere overpowers and 
BdE If P"»["»'»f'»c«8- The most promising of the media which I tested were a 
^^^i^^r "", T™^^** "^^^^ cuts off very nearly all the lij^t more refran- 
Uk n ' ^av^r^^^^ "' chlorophyll, which giv«, a strong baiS^of absonrtion, 

Sp^^^lJi^d^fe^^ Unfortunately, the 

nences. The ahimmti^*!!* / ^® "^"^^ ^' ^^ ^ weakens the light of the promi- 
^oy^^^i^^^^tZt^J"^ chlorophyll, as Prof. Stokes has shown, can be 
the chlorophyll of dH^t i ^ *^*^ "^^ alkalies, and difiSers sUghtly in position in 
mifficienUy to allow lii^f tK^ll ^^ ^ ^'"' "^* **^ *^'« ^ ^««~^« ^ *^** 

t [The sUt was iSac^ hT !f^*>^^ ^^^ *<> P«« '^^^cUy unimpeded,"] 
object glasg. This mistiA ^^^ ^ ^^ "^^ telescope, and not before the 

Horn] ^ ^^ "»«^ by Huggins in his description of his observa- 
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prominence was seen in a complete form with p^: 
neee. A sketch of the prominence first observed 1>^ 
this manner is given in Fig. 148. 

Simnltaneonsly with Hnggins, both Zolhier ^ 
were each working independently toward the saii:ft.< 
ner, already known to £Eune by his ^^Photomel 
suchungen," and well acquainted with the constrae-fc 
kind of optical instrument, had in a treatise entJt^ 
ein nenes Spectroskop," etc,* given expression to 
the different modes of observing the forms of the pir^ 

Fie. 14a 






HagglnB^B First Obseryatkm of* FroainmoB in FoD Sonshliic 



sunlight, with a description of the experiments ho 
undertaken in this direction. He came to the con^ 
the method of diminishing the light of the earth's at; 
a sufficient increase in the number of prisms deser\r 
decided preference over the methods of a revolving 
sorptive medium, but he was unable himself to p^^:^ 
immediately into practice owing to the incomplete j 
necessary instruments. The mode of procedure -wlJ:-^ 
considered as most suitable consisted of a combinati^ 
yer's principle with the last method employed "t^ 
namely, of first seeking out the spectrum line of a 
and then opening the slit so wide as to be able to 
prominence, or at least a portion of it, through the ct- 

When Lockyer learned on the 27th of Februa: 
jBTuggins had succeeded in seeing the prominences 
by merely widemng iJts dU^ the same idea occurred 
2^Iln.er had already published on the 6th of the 
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Febnuur, 1869. 
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but wliich he had not been able to cany out practieaUy, that the 
diminution of the atmospheric light would be much more com- 
plete ly accomplished by an increase in the number of prismfl than 
by the use of absorptive glasses,* and that the prominences would 
certainly be seen in their whole extent if one of their spectrum 
iineF, the greenish-blue Une H /8, or the red line H a, for instance, 
was brought mto the field of view of a spectroscope of great 
diepersive power, and the slit then opened sufficiently to allow 
the complete form of the prominence to be seen. The admirable 
teleepectroscope (Fig. 136), furnished with seven prisms, which • 
was then complete and in his possession, confirmed after a few 
triak the correctness of this view, and he was the first to succeed, 
without additional mechanical help or the use of colored glasses, 
m observing the prominences at any time when the sun was 
visible, and tracing their complete outline.f 

» [The author appears here not sufficiently to distinguish between the eiperiments 
by Huggjns to view the prominences by the method of absorption, and those by the 
prii^niatic method, which he was carrying on at the same time. In the method of the 
wide elit, Huggins relied alone upon the prismatic method, and the ruby glass was 
used hw diminishing the glare, which was painful to the eye, and prevented the forms 
of the prominences from being seen with the small spectroscope employed, which was 
funibhed with only two prisms. With a spectroscope of greater dispersive power the 
red gl^sa is not necessary. The method is identical with that adopted by ZoUncr, 
luicj employed by Lockyer and RespighL] 

t [The editor has on several occasions since February, 1869, when he corresponded 
with Prof. Maxwell on the subject, attempted to apply to the sun the method of viewmg 
an objfct by monochromatic light originally employed by Prof. Maxwell in his experi- 
mcntii on color. This method would permit a considerable portion of the sun's limb, 
or even the whole sun, to be seen at once. Prof. Maxwell, in a letter dated Feb- 
ruap- in, 1869, stated the general principle thus: "You make a spectroscope eon- 
afatinp; of a set of prisms and a lens on either side of them, and a sUt at the principal 
focus of each of the lenses. No Ught can get through this combination except that 
wti.ch can pass from one slit to the other, so that by a^usting the stits all light except 
that^or one bright line of the prominence may be cut ofif." In applying this method 
kliL'h^ spectroscope of great dispersive power, provided with a long collimator, 
^kh^ thf nH„ ^^'?^''''"'^ telescope so that the sUt is placed at some distance 
WoltrW a^o^^^ **^^ "^^^ '"^^ •-'- ^-^ ^ fi.ll without the collimating 
th. 4.To^cTpeT^i^%ufr ^* t>^«P-eipa» focus of the smaU telescopeof 

the jaws of this second sUt T? ^ "^ ^* ""^ * prommenoe Is seen to faU between 

*tit. Under these circumstan«l ""J^^^ ^ *^«^ removed, and the eye placed at the 
means of Ught of that Dartimu!: j5^ observer sees the sun, or part of his disk, by 
«ie nun may be viewed l>^ ^ ^""Miglbnity only. By movmg the smaU telescope 

editor l«is always found the fTl^T'^'^"''*^" ^* ^^ '"^^ ^^'^ nrfrangibmty. The 
"® ught about the sun's limb from the diffraction images 
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OBSERVATION OF PROMINENCES IN SUN^S 

By the same means Zollner saw the prominence 
time on the Ist of July, 1869. He has published 
his observations, and accomp^ied them by a se:. 
interesting.drawings of some of the larger promine 
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Solar FiromiiMiioes observed by Zdllner. 

their origin, development, and subsequent disappeai*^^- 
clearly exhibited. 

In Fig. 149 are given some of the most conspicx:^^ 
these ma^^es of flame, together with the date of obi^^ 
place of their appearance on the sun's limb, and tlx^ 
seconds (vide note in p. 281). With regard to 
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Zollner makes the following remarks : 

caused by the first slit to render the prominenoes less distinct thaii. ^ 
method of usmg a wide slit, and more thsn to counterbalance the adv 
at once a much larger portion of the sun's limb.] 
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"The first prominence which I obeerved ifl represented m 
Fig. 149, No. 1. Over a conical mass of extreme brilliancy ipro- 
jeoting from the sun's limb there extends a clo«d-Uke form of 
less intensity. To the same type belong also the prominences 
No. 4 and No. 6. 

'* No. 4 was a very striking object from the surprisingly beau- 
tiful cloud of cumulus form which floated at some distance above 
the cone. The doud was remarkably soft in texture, and trace- 
able in its smallest details. The individual cumulus-like elements 
of which it was composed appeared almost like feintly luminous 
points. 

" One of the most remarkable forms was that represented in 
No. 2. I could hardly trust the evidence of my eyes as I per- 
ceived in it the lambent motion of a flame. This motion was, 
however, slower in proportion to the size of the flame than the 
corresponding motion in the high flaring flames of great con- 
flagrations. The time required for the propagation of this wave 
of flame from the base to the termination of the image was be- 
tween two and three seconds." « 

It is in most cases a matter of indifference whether the red 
line (H a) or the greenish-blue line (H /3) be selected for this' 
method of observation ; the requisite width of slit depends mainly 
upon the condition of the atmosphere. If the observing tele- 
scope of the spectroscope be fixed upon the C-llne, and the narrow 
8ht be so directed on to the limb of the sun that the red line H a 
appears in the field of view, on widenmg the slit, the prominence 
will be seen of a red color; if, on the contrary the F-line and 

ZtJ^^'f H/3 be observed, the same form will be visible in the 
color ol greenish blue. 

thei*m^Lr* P«f^P« ^ superfluous to mention that even with 
«un Wrfal'^^T/ *^« «;'* '^ -«^ considerable portion of the 
-t;rrt£^"^':?ir>:h''^^:>:^^"- IfZopeningbe 

*f»««8 peculiar advantaii Tf °^ u- *^® Prominences poa- 
the various lines in thT^™ *^.°^J^* ^ '"^"J^ to analyze 

spectrum of the chromosphere, then the 
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OBSERVATION OF PROMINENOES IN SUNSHINE. 2OT 

magnified image of the sun is examined by means of the narrow 
slit; but, if, on the contrary, the forms of the prominences are to 
be observed, the small direct image of the son formed in the 
principal focus of the objedrglass is made use of, and a wider slit 
is employed. 

When, as in Secchi's equatorial, the direct image of the sun is 
about H inch in diameter, and the slit of the spectroscope can be 
opened about -^^ of an inch, the whole of a prominence may be 
seen at once if not exceeding W or 50"^ (18,000 or 22,000 miles). 
Prominences exceeding that height must be observed piece- 
meal. Under such circumstances, with a wide slit radially placed, 
it is not easy to observe in the small image of the sun the thick- 
ness of the chromosphere, even supposing it to extend to some 
distance, while in the magnified image it may readily both be 
seen and measured. 

K the widened slit be placed lAjmgerkJtiaOy^ that is to say, in a 
direction parallel to the sun's limb, the stratum of the chromo- 
sphere appears as a very bright red band ; upon this line are seen 
small elevations of a form resembling such flames as are to be 
seen in the fields of an evening at harvest-time when the stubble 
is being burnt. The prominences are to be distinguished from 
the rest of the chromosphere by their more vivid light, and in 
general by their rising to a much greater elevation. 

When the spectrum of the earth's atmosphere'has disappeared 
in consequence of the powerful dispersion of the light, and the 
portion of the prominence then in the field of view alone is visi- 
ble through the widely-opened slit, the telescope or slit is moved 
slowly forward, and luminous images of the most wonderful forms 
flit before the eye, being just as easily observed as during a total 
solar eclipse. In describing some of these shadow-forms Lockyer 
writes: ^^Here one is reminded, by the fleecy, iofinitely delicate 
cloud-fihns, of an En^sh hedgerow with luxuriant ebns ; here 
of a densely intertwined tropical forest, the intimately interwoven 
branches threading in all directions-, the prominences generally 
expanding as they mount upward, and changing slowly, indeed 
almost imperceptibly. ... As a rule, the attachment to the 
chromosphere is narrow, and is not often single ; higher up, tibe 
stems, so to speak, intertwine, and the prominence expands and 
soars upward until it is lost in delicate filaments, which are 
carried away in floating masses." 
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The various forms of the prominences may be classified gen- 
erally into two characteristic groups, very aptly designated hj 
Zollner as vaporovs or doudriUce forms, and ervfpime forms. 

Through a small telescope the details of the outline and in- 
ternal configuration of these forms are less clearly visible. Some 
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of these are represented in Fig. 150, Nos. 1 to 13, as they were 
seen by Lockyer through his telescope, when they appeared as 
prolongations of the C-line of the solar spectrum in the form of 
red flames. The upper part is the spectrum of the sky immedi- 
ately surrounding the sun, reduced to the verge of visibility by 
the great dispersive power of the spectroscope ; upon this first 
appeared the red line H a, which on widening the slit assumed 
the form of tlie prominence visible at that spot, represented in 
the drawings as white upon a black background. In some cases 
(No. 2) the prominence was seen to extend downward along the 
C-line, in others the C-line appeared waved (4), or interrupted 
(11), and sometimes terminated in a lozenge-shaped light of a red 
color; in No. 3 the dark F-line also appeared waved, and the 
small flame above it was of the greenish-blue color peculiar to 
that part of the spectrum. 

Prof. C. A. Young, of Dartmouth College, Hanover, in the 
United States, has devoted himself especially to the observation 
of the forms and variability of the prominences. In Fig. 151, 
Nos. 1 to 8, are represented some of these characteristic forms 
according to the drawings prepared by Young. The observa- 
tions were made early in the afternoon, on various days between 
the 1st of October and the 4th of November, 1869. The an- 
nexed table contains particulars of their size and position : 



No. 


Poeition 
Angle. 


Breadth. 


Height 


Bemarks. 


1 


280- 


-68° 


• 46' 


Very brilliant 


2 


267*' 


-sr 


60' 


Bright, and in two parts. 


3 


2W 


-28'' 


30' 


Faintly luminouB, in form resembling a mush- 
room. 


4 


885' 


H-sr 


56' 


Brieht, doud-Hke. 

An isolated cloud, 25' above the sun's Umb ; 


6 


160* ' 


-82* 


.. 










20' in diameter. 


6 


850** 


+ 68- 


86" 


Bright; a low flat arch. 


7 


260° 


-86' 


20' 


A small horn rising from a depression in the 
chromosphere m the neighborhood of a spot. 


8 


845" 


+ 60' 


65" 


A gigantic pyramid of cloud with active in- 
ternal motion. 



On the 17th of September, 1869, an extended chain of promi- 
nences was seen by the same observer between + 80° and + 110** 
position angle, a representation of which is .given in Fig. 152. 
These enormous masses of flaming gas extended along the sun's 
limb for a distance of nearly 224,000 miles, and attained a height 
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of 50^, or 23,000 miles : the pointa of greatert hriSOuusjwmii 
a and b. 

Slight changee in the form of thepromin^koeB may be watdied 
almost without intermission with an open slit ; great diangBB, as 
a rule, take place only very slowly, or quite imperceptibly, hi 
some eases, however, the change in the form of a jMrominonce is 
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Yonng's ObeervBtkaui of VarioM PNodiumoee. 



SSlSa^^^^ ^ ^'^^^^^ »«5*«'«o'^ ^ «»« ^PPer portions 
-<^onX SSt'^ wPJ-d with which «.e cj^Lclrms, 

cance. Th^e ^!SJSion ^"^^V"^^^^^ sink into inmgnifi- 
described by Locl^ 7 ^'"''^ * ^^"" 8*<>™ 1»« been thns 

tan^nttai* to thf s^n'flr'',: ^?^®' ^^'^^ ^^- *«°^' ^«» » ««» 
me sun a bmb, instead of radial, which was its 
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usual position, I observed a fine dense promirm 
sun's equator, on the eastern limb, in which int^i 
evidently taking place. At lOh. 50m., when the 

Feo.108. 
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Taitsgf s ObsciraOoii of a CbidJi of FroadndiiOM. 

ening, 1 opened the slit ; I saw at once that the 
ance had all disappeared, and doud-like filaments 
place. The first sketch, Fig. 163, embracing an i 
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appear- 
taken its 
^i" prolixin 




BdIw Storm obwrved by Lockyer BiflKili H, 180?.— {Plctu 

nence with a long, perfectly straight one, was 
Sm., the height of the prominence being 1' 5', c^ 
miles. I left the observatory for a few minutes. 
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ing, at llh. 15m., I was astouished to find tliat part of the 
straight prominence had entirely disappeared ; not even the 
slightest rack appeared in its place: whether it was entirely 
dissipated, or whether parts of it had been wafted toward the 
other part, I do not know, although I think the lattpr explana- 
tion the more probable one, as the other part had increased, 
which is to be seen clearly in the second sketch that was taken, 
Fig. 154." 




Stonn ota-^l br I*cky ll«d, 14. 18M._<p,cta„ 2.) 



ber 7, ll69 Ite IT ""^ -^^"^^^ ^^ ^^•«*- Young on Octo- 
breadth wL -^^^ Z^y.'^T'^ '' ^^S" (position angle), its 
'•ts form to^k pL^-ti evS^*.^"*""^ ^^'- The changes in 
ings were made^ ^efoU^^'^'''^ "'P^'*^*^ 5 '^e four draw- 
.'iS™., and 3h 30m I T*"? T"^''^^- ^"^^ ^^- ^^"'•' ^^' 
various masses of doud wT^rJ^'^''^^ movement of the 
pronunence: the form of T^ P^^'*!*"^ "» the interior of the 
fled "the eagle," which wlcZ!""^^ "^^ laige prominence 
A'^st 7, 1869 {oide PlateTn?^ 1 ** ^'^ "^^^ ^^^'P^ ^^ 

V xii.), ,n the mterior of which the 
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original photographs clearly show an eddying rta. 
part, while the upper part exhibited a cen"-^-^- 
whiclf the gas was whirled off horizontally 
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Ghangea In tlie fcKrm of « Promin«aoe. 

In Plates XI. and Xn. two prominences ax^^ 
their natural colors, as seen in a large telescope -^ 
the spectroscope was opened wide and directed 
O-line (H a). They are characteristic of the -fc 
ertiptive Skud the nebulous dass, andserV^e to illost^x 
able changes of these forms. The prominence gi^^^^ 
Nos. 1 and 2, was observed and drawn by Profl 
of an eruptive form, with a decided rotatory- 
prominence represented in Plate XIL., Nos. 3 ^x 
served by Prof. Young, and is of a cloud-like ^ 
means of the accompanying scale * their heiglx-fc 
ascertained. 

As the meteorologist registers many times in c^ 
tions of our atmosphere in the hope that a coxxifc. 

observations may lead to a discovery of the law 

changes, so has Respighi, director of the Univereix-ti-^ 
at the Campidoglio at Home, made it lus daily ta&^l^ ^ 
1869, to observe the entire limb of the sun when -fclt^ 
* The nme sotle of 60,000 mQeB is given in both Plates 
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ikvor&ble, including the chromosphere and prominences, and to • 
mark upon a straigfat line representing the circumference of the 
Bun the position, height, and form, of the prominences for each 
day. By collating these lines or circumferences of the sun one 
below the other, and crossing them with lines iudleating the 
principal positions, a oompreh^xsiTe picture is aftbi-ded of the 
distribution of the i»ominfloeeB roviid the siiu*b limb, which 
shows at a glance those regions in which the prutiiincnccs abotm" 
and those in which they are least frequently to be met with. 

The inatrument employed by Bespighi ia an equator!^ tele- 
scope by Merz, of 4.4 inches apertnre, with a direct- vision spectro- 
scope of great dispersive power, constructed on Ilofniana s priJ»- 
cifde; at each observation the dit is placed in a direc^tiou tangen- 
tial to the sun's limb, and b^inning at the noith i>oint is rtMfried 
round the sun, its place at the various points of observation being 
read off on the position-circle of the telescope. At each adjist- 
ment of the slit about 20" of the circumference crould be cxaiiiJned» 
so that sixteen adjustments sufSced to survey tlur entire Hint *** 
th« sun. The preamoe of a prominence was revealed in *^® 
manner previously described by the red C-line (H a) being ^eea 
to extend to a greater or less distance beyond the chromospbe^ 
when the narrow slit was removed somewhat from the sun's W^- 
In order to observe the form of the prominence the aUt *** 
widened to the foil hei^t of this Une^ ^^1.^ hetbt «*' 
ceejed 1' the observation was made m parte from the sS V^ 
outward, smee by a wider opening of Se slit tS^ v ^^J.iaf^'^ 
too brilliant. By this methS R^pLb sketeb^H ^A iT^e 
whole circumference of the chromofphSe^j!^ W^^ -^f* «d H 
will be seen from Fitr. 156 which i« «? ^1 ^^ ^^^^' ''^^A 
-cale of one of his oSJaal Z^ h^^K ^^* ''''^^ *»° " '^^^"^ 
nences, their distribnS onTh^'sun" J^'b^'^"? V^ *^« ^''^^d 
height, during the space of a mo^, Jly b'e^^itw^^'' /"T ^^ 
The prominences are represented in th J hI ^ ^ ** * « ve 
Jey reaUy appear ; in the lines (dlvs^J^^vT"*^ *^*^ ^^ ^S 
the observations are not truT^iifJ ^ ^rked with an astei^^ 
fog. By a comparison ofS:::,^^^!^-^ to the prevalence ^ 
has arrived at the foUowing r^s : ^ constructed, Eespi^^ 

The distri^Z^^^rtir^:^^^ exceptionally' 

northeast on the one sidef and tSb ^ ^t^een north t^^ 

' ^""^^ '^'i southwest on t^^ 
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Other ; the portion whidi Ib almost entirely yri 
has a semi-diameter of 22^"^. 
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2. The district where the prominences most &r< 
lies between north and northwest, at about 45"* 
in a region where solar spots are rarely seen. 
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3. The prominenceB are, therefore, phenomena quite ^^^^ 
from the spotB ; they are probably more intimately connectea 
with the formation otfcmUfB (p- 188), an hypothesis supportea 
by the obaervaiiions of both Oilman and Lockyer. 

4. The varioiifl forma of the prominencea show that ihey are 
not of the natore of datids^ vhich float in an atmoaphere in 
which they are produced by local oondensation&; they are much 
more like eruptions out of the chromoBphere, which often spread 
out of the higher regions, and take the form of bonqneta 9f 
flowers, some being bent over on one side and some on the 
other, and which fall again on to the surface of the chromo- 
sphere as rapidly as they rose from it. 

5. It appears that erwpUonBof hydrogen take place from the 
interior of the sun ; their form and the extreme rapidity of their 
motion nebessitate the hypothesis of a repulsi/oe jpower at TTOrk 
either at the surface or in the mass of the snn, which Respighi 
attributes to electricity, but Faye simply to the action of the 
intense heat of the photosphere. 

On the 28th of September, 1870, Prof Young succeeded for 
the first time in photographing the prominences on the sun's 
limb in bright sunshine. This he eflfected by bringing the blue 
hydrogen line H 7 near G into the middle of the field of the 
spectroscope, and placmg a small photographic camera in con- 
nection with the eye-piece of the telescope. As the chemicals 
employed were those ordinarily used in taking portraits, the 
requisite time of exposure was three and a half minutes, during 
which tune the image of the prominence suffered a slight difl- 
fh^ w^l''''^'^\*''^^^^ P^^ ^^^'^^ ^ * ^»^t of accS^y in 
vario?^^^^ ^^ '^^ P^^^' ^^^«- ^^^^ l^owever, the 

the Xto^T,^^ the prominences could be clearly discemU in 
TossiM^v^^i^ T^' ^^^*^ ^^^ ^ diameter, so that the 

pexiTi^ofoTpfo? ^ii^r^ ^ r^^ Xm-' ^y the kind 
of the more re:^^^&: :^l^l^^^ ^- ^^^ ^^ ^^^ 
h^s memoh- "SulleOssenrazior^!- ! prommences as given in 
protuberanze Bolari,'l^.^^^^^^ delle 
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58. MsABtrBEBfENT OF THE DiRBCrnON AND SpJESUBSIMZI^ O^r^ TME GI-.AJ3- 

STREAMS IN THE SuN. 



One af the most glorious triuinpliB of spectnxjBZBUM^ «fc':Kxa,l3rsis— sxur- 
passing, perhaps, in splendor all its other wonderr^^z^aH ^t<3:luioveiiion.t8 
— is tlie discovery that by means of accurate ^^t=^-rfc t>_-u. c3xa^cj.uIjj txru- 
dertaken with the best instrranents, of the posifci,^:^^^,^^^ ox* arather of 
th# small displacement in the position of the ^p^^^z^^^zmrMJ^iaixiM. lixies of a. 
star or other source of light, a prominence for ii^^-fc^xxc5^ it is r>c>«~ 
flible to ascertain whether this luminous body b^ ^:^ I>T> J:"c>3X4zJim ^^^^^ 
or receding from us, and at what speed it is trav^^H^Xixx^s* ^^^^ 

The principle on which investigations of this l=s::3L:»zfc.<i ^p^ -F ^ .r^ 
was suggested by Doppler in 1842,* who soughfc.-fc -^^ e^sr'^l '^^ 7^ 
periodic change of color in variable stars by assmzazQ^i^,^ -fc?^ ^™ '^-n^ 

tion to bear some comparison with that of liglx-fc «i,x^^ -rf-l-T^^ ^^^^^ 
that the number of ether-waves striking the ^3?^ itx "■^-■=^erefi>i-« 
would be greater if the star were approaching u^^ ^xxd ^ second 
it were receding from us than if it were at rest. ^^q- ^^- ^^^ -taller i£" 

light produces the greatest number of vibratio:cxja it* ^ ^^^ violet 
And red light the fewest vibrations, it follows tha^-fc^ -£^ -fcl^ «ecoix^^ 
approaching, its light will be displaced in the diro<^ti^3 ^ «tar 1>^ 

let, and in the direction of the red if the star be re<3^<ii^-^ ^=^^^ t;lxe ^xo^ 

The pitch of a musical tone depends, as is weix Jk=r^ ^ ^arom us. 
the number of impulses which the ear receives &ro:g^g^:^ -fc'^"^''^"*^-' ^Poix 
^iven time (p. 43). Now, as a tone rises in pitch. *Ix^ ^ ^ir irx 3. 

number of air-vibrations which strike the tympanTix:^::^. i ^>^*^^^a-ter tlx^ 



BO must a sound ascend in tone if ^v'e rapidly ap;^:^:^^^-^^ ^ ^^concl^ 
fall in pitch if we recede from it. The truth of thM.±j^ ^^<^J:^ it^ a.n<l 
may be fully, proved by the whistle of a railway-er^^^^j^^^^^I^osition 
motion. To an observer standing still, the pitci^. o.:^^ '^"'^ ^'^picl 

rises on the rapid approach of the locomotive, ^^'W -^-a. ' *^ti.^ totio 

same note is sounded, and falls again as the engine "fc^^^iL*^^^*'^^ tlio 

* [That Doppter was not correct in making this application o^* X^« ^^^V^rav. 

rious from the consideration that even if a star could be conoeired "*«c^^i»^^ "^^awt,.^^^ . 

a velocity sufficient to alter its color sensiblj to the eye, still no chax%^». •^^ :kjc^ ^>>?-i * * ?*^~ 

"be perceiTcd, for the reason that beyond the visible spectrum, afc^^^.^^^** ^^ol.o**^ ^^*H 

there exists a store of invisible waves, which would be at the san^^^.?!*-** ^^^*i*^ ^oul^j 

<iegraded into vwibiHty, to teke the place of waves which had been ».^^?*^*^^ ^:^*^^'*^**^®> 

in refrangibiUty by the star's motion. No change of color in tKcs *^^*^ ^:^^ ^l^ed oi- 

pUice until the whole of those invidble waves of force had been. ^^^^^^^ <^^> *^^''®i^e^ 

would only be the case when the rehttive motion of the star and 't;^^^"*^^^*^<^^^i^^ **^«s 

several times greater than that of light.] ^^ ^o-^^,^^"*** "^v^lUel^ 

21 * 
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30g SPECTRUM ANALYSIS. 

As the varions tones of sound depend on the rapidity ^*_^^^^^ 
air-vibrations, so the varieties of color are regulated by the ^ ^^^ 
ber of ether-vibrations (p. 45). If; therefore, a luminous ooj ^^ 
as for instance the glowing hydrogen of a Prominence, ^^^ 
receding rapidly from us, fewer waves of ether wiU ^"^^K^^^^^ 
optic nerve in a second than if it were stationary. If the a ^^^ 
ence in the number of ether-waves be sufficiently great ^.^^^^ 
perceived by the eye, then each color of the glowing gas ^^e^ 
sink in the scale of the spectrum — that is to say, incline xu ^^ 
toward the red. The individual colored rays will not ^^®^^^ 
the prismatic d©eomix)sition of the light occur in the same p 
of the spectrum in which they would have appeared had ^ 
light been stationary ; they will all be displaced somewhat toA?«r 
ard the red. ^ . ,, 

The converse takes place when tlie luminous body is ra^p^cXiy 
approaching us : the number of ether- vibrations received by *"^ 
eye is then increased beyond what it would be if the source ox 
light were stationary ; in the prismatic analysis of the light the 
colored rays will be found likewise to have changed their pi&ee 
in. the scale of the spectrum, and taken a position in accordaxiee 
with their increased refrangibility, suffering a general displace- 
ment toward the violet. 

When it is remembered that the number of ether-waves in 
red light is at least 480 billion and in violet 800 billion in a sec- 
ond, and that moreover the wave-length of the greenish-bine 
light (H /3), situated at the spot marked F in the solar spectrxnn, 
is only 485 millionth (more precisely 0.00048505) of » nailli- 
metre, and that instruments of sufficient delicacy to measni-e 
these minute quantities are required for this purpose, there ^wriH 
be little danger of under-estimating the extreme difficulty con- 
nected with observations of this displacement in the colors of 
the. spectrum. Indeed, these observations would scarcely b^ 
possible, were it not that, in the dark lines crossing the specti^ 
ot the sun and fixed stars, the places of some of which may b^ 
accurately ascertained, we have fixed positions in the spectrtii^ 
dl^Z "f r^^'SO^^^^J or wave-length of which may bo 
dete^med beforehand both for the sun and terrestrial snb^ 

T^T^t ^st. ^ ^ '"^^ ^" "«^^^ ^^^ of «g^* supposed 

We shall presently see how Secchi and Huggms have availed 
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themselves of this principle to determine the rate at which a 
fixed star is approaching or receding from the earth. 

Lockyer made nse of the same plan for measuring the, speed 
at which the glowing hydrogen gas composing the prominences 
streams forth from the son's nncleus, or sinks again when the 
eruptive force is exhausted. The principle of this method rests 
on the following considerations : 

The refrangibility of the greenish-blue light (H /8), which with 
the red (H a) and the blue light (H 7) is emitted by glowing hy- 
drogen gas (Frontispiece No. T)j is determined by the position 
of tiie line F in the solar spectrum. If any displacement be 
observed in the line F — ^that is to say, a change in the refrangi- 
bility or wave-length of the greenish-blue light — ^without the 
neighbarmg dark lines suffermg any diq^laoemerUatthesame time, 
it is evident that the cause of this movement cannot be attributed 
either to the motion of the earth or to that of the sun, but is 
rather to be ascribed exclusively to the motion of the luminous 
hydrogen gas. 

If the hydrogen gas in the sun were rapidly a/pproaohmg us, 
the number of its ether-waves in a second must increase ; the 
length of each wave will become shorter and the light be inclined 
toward the violet, because that color is composed of the shortest 
wave-lengths. The T-Une eiders then a diaplaoement from its 
usual jposUiUm im, the s<^^ If the 

shortening of the ether-waves of the greenish-blue hydrogen line 
(H /8) be only nr. oo^OtOOO ^^ * millimetre, the consequent displace- 
ment of the F-line can be perceived, and by this means the mo- 
tion of the hydrogen gas on the sun be demonstrated. 

If, on the contrary, this gas be moving in the opposite direc- 
tion, and be recedmg from us, the number of its ether-waves in 
a second will decrease, the wave-lengths will be augmented, the 
greenish-blue rays will approach the red, and a displacement of 
the Y4i/ne wiU he produced then toward the red end of the spec- 
trum. 

With regard to the approach or recession of the hydrogen gas 
in reference to an observer on the earth, there are two different 
circmnstances to be taken into account. If the direction of the 
arrow a in Fig. 157 be supposed to denote a luminous stream of 
gas rising from the sun- and approaching the earth, that of the 
arrow n, on the contrary, to represent a stream of gas sinking 
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Fift. 157. 



again into the sun and receding from the earth, the stream a wiU 
cause a displacement of the F-line toward the violet, and the 
stream n toward the red, providing the velocity be sufficiently 

great to alter the wave-length at least 

Tir.^.innrofa™!!™®*^^- Tangential 
or side streams,' however, indicated by 
the arrows r and 2, will have no influ- 
ence in displacing the F-line; they 
neither approach nor recede from the 
eye, their direction being perpendicular 
to the line of sight L. If, therefore, 
the telespectroscope be directed to the 
centre of the sun in the direction of 
the line L, we shall, in the event of the 
displacement of the F-line, perceive 
only the rising 2ixAfdUmg gas-streams 
a and n, the velocity of which can be 
measured, but neither of the lateral 
streams flowing at a tangent to the 
sun's surface. 

But, if the instrument be directed 
to the sun's limb at E, the case is re- 
versed, and the rising and fSsdling gas- 
streams a/ and n^, inasmuch as they 
neither approach the eye nor recede from it, and therefore produce 
by their motion no displacement in the F-line, cannot be perceived. 
If, on the contrary, the lateral or tangential streams r„ l^ be travel- 
ling at this spot with sufficient rapidity, the stream r, will ap- 
proach the eye of the observer and cause a displacement of the F- 
line toward tiie violet, while the stream \^ receding from the earth, 
will produce a displacement of the same line toward the red. 

It is evident, tiierefore, that the rising and falling streams of 
hydrogen gas are best observed in the central part of the sun, 
while the lateral streams, compared by Lockyer to circular storm^^ 
whirlpools, or cyclones, the best observed on the sun's limb (R 
orR,). 

K it should happen that the hydrogen lines sufier a simulta- 
neous displacement at both sides, or a uniform increase in width, 
it is obvious that the inference of motion in the luminous bo^y 
must be received with caution : the cause of sudi a widening of 
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either the bright or the dark lines must rather be sought for in 
an increase of density or temperature in the luminous gas (§ 32). 
when, however, the expansion of the lines occurs sometimes on 
one side only, then only on the other, and again unequally on 
both sides, this cannot, according to the investigations of Lockyer 
and Frankland, be ascribed to a change in density, since by an 
increase of pressure the F-line of hydrogen gas always expands 
equally or nearly equally on both sides. 

Fig. 158, which is from a drawing by Lockyer, shows clearly 
what remarkable changes take place in the dark line F when the 
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spectroscope is directed to a solar spot in the middle of the sun. 
The dark band passing through the length of the spectrum is occa- 
sioned by the general absorption and weakening of the light pro- 
duced by the substance of tiie spot. The F-line, wliich as a rule 
is sharply defined at the edges, appears in some places not merely 
as a bright line, but as a bright and dark line twisted together, 
in which parts it suffers the greatest displacement toward the 
red. When this occurs, there is frequently also a bright line to 
be seen on the violet side. In small solar spots this line some- 
times breaks off suddenly, or spreads out immediately before its 
termination in a globular form ; over the bright £Eicul8e of a spot 
(the bridges) the line is often altogether wanting, or else it is 
reversed, and appears as a bright line (compare Fig. 108, also 
Fig. 143). 

The same phenomena are exhibited also by the red C-line 
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(H a), though as the greenish-blue F-line (H /8) is by an equal 
increase of pressure much more sensitive with regard to expan- 
sion than the red line is, and exhibits with greater distinctness 
the changes that have been already described, it is better adapted 
to observations of this kind. 

All these expansions, twistings, and displacements of the F- 
line result, as we have already learned in § 56, fix>m a change in 
the wave-length of the greenish-blue light emitted by the moving 
masses of incandescent hydrogen gas in the sun. The middle of 
this line, when it is well defined, corresponds to a wave-length of 
485 millionths of a millimetre, yet it is possible by means of 

o 

Angstrom's maps of the solar spectrum (Plates IV., V., VI.) to 
measure a displacement of this line when the wave-length has 
only changed as much as io,oo\)>ooo ^^ * millimetre, and, inverse- 
ly, it is also possible to read off at once by the measured dis- 
placement of the F-line the corresponding amount which the 
wave-length of the greenish-blue hydrogen light has lengthened 
or shortened to ten millionth of a millimetre. Were the F-line 
to be displaced from its normal place in the solar spectrmn to 
the spot marked 1 (Fig. 158), the wave-lengths of the greenish- 
blue hydrogen light would be shortened xTr.irAr.Tnnr ^^ ^ milli- 
metre; the light would therefore be approac^g the eye of the 
observer, and an eruption of gas be ascending at the spot (Fig. 
157, a) observed in the middle of the sun. It is easy to calculate 
that such a displacement of the F-line from its noimal centre to 
the spot marked 1 denotes a rate of motion in the glowing gas of 
thirty-six miles in a second. 

If the F-line were to suffer an equal displacement to the left, 
that is to say toward the red, the wave-length of the greenish- 
blue hydrogen light would then be lengthened ; the gas would 
therefore be moving away from the earth at the same rate of 36 
miles in a second, and the stream of gas be sinking down to the 
surface of the sun, as indicated by the arrow n in Fig. 157. 

A displacement of the F-line from its normal C6nti*e to the 
places marked 2 and 3 in Fig. 158, either toward the violet or 
the red, would justify the conclusion that the hydrogen gas was 
rising from the sun or sinking back to it again at a speed of 72 ' 
and 144 miles respectively in a second. From the changes ac- 
tually observed in the wave-length of the greenish-blue hydrogen 
light, or from the measured displacements of the F-line, whetiher 
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bright or dark, it appears that the speed of the gas-streams is 
usually about 18 miles in a second. 

The observation of the Icateral movements must be made on 
the bright lines of the chromosphere at the sun's limb either at 
B or Sj. ' The speed of the hydrogen gas is in this case much 
greater, whether it be approadiing the earth as at r, near E, or 
at 2 near K, (Fig. 157), or whether it be receding from the earth 
as at 7^^ near K, and at 4 near K,. The changes in the wave- 
lengths of the greenish-blue hydrogen light occurring at these 
places are not caused by the rising and falling of the streams 
of gas Aj, n^^ and 1, 3, but by the lateral motion of the streams 
7*1, l^j and 2, 4, and they are evident indications that the glowing 
hydrogen is in a state of rotatory or cyclonic movement. 

It must again be remarked that even with the narrowest set- 
ting of the slit, when the opening is not wider than -^ of an 
inch, a considerable portion of the sun's surface is stiU visible ; 
in Lockyer's telescope the field of view, even with this exceed- 
ingly narrow slit, embraces a portion of the sun's surface about 
1,800 miles in extent, and in Secchi's telescope the slit when 
fiiUy open covers a space of from 20,000 to 24,000 miles. 

If, therefore, a vortex of glowing hydrogen gas extending over 
a space of 900 or 1,000 miles be in rapid revolution in the 
neighborhood of the sun's limb, the whole of it may be observed 
with even the narrowest opening of the slit; in the telespectro- 
scope the ether-waves which are approaching the earth may be 
distinguished at once from those which are receding from it, and 
the motion detected by a corresponding displacement of the F- 
line. Such a gas-cyclone (Fig. 157, 1, 2, 3, 4) has been observed 
by Lockyer. "When the slit was directed to the middle of the 
storm, there was an equal expansion of the F-line both toward 
the red and the violet, which indicated the velocity of the stream 
of gas to be rather more than 36 miles in a second. When the 
slit was moved first to one end of the vortex and then to the 
other (Fig. 157, 2, 4) it was evident that the ether-waves were 
at one place approaching and at the other receding from the 
earth, for in each case the displacement of the F-line occurred 
only on one side. Where the displacement was toward the red, a 
lengthening of the ether-waves had taken place, and consequent- 
ly the stream of gas (Fig. 157, 4) was receding from the earth ; 
the displacement or expansion of the F-line toward the violet 
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only proved, on the contrary, a shortening of the ether-waveff 
and the approach of the stream of gas (2) toward the earth. 

Fig. 159 shows such a circular storm or cyclone observed 
by Lockyer on the smi's limb on the 14th of March, 1869. Wifli 
the first setting of the slit the image of the bright F-line (H fi) 
in the chromosphere appeared in the spectroscope, as in No. 1 ; 
a slio^ht alteration of the slit gave in succession the pictures 2 

Fig. 109. 



' ' f'l Hifji' H ''I ! M 



Morement of a 6«a- vortex in the San. 

and 3. There occurred also a simultaneous displacement of the 
bright F-line toward both the red and violet — ^a sign that at that 
place on the sun a portion of the hydrogen gas was moving 
toward the earth, while another portion was going in an oppo- 
site direction away from the earth toward the sun, and thus the 
whole action of the gas in motion resembled that of a whirlwind. 
In Fig. 160 are given three diflferent pictures of the same 
greenish-blue F-line of a prominence which Lockyer observed 
near the middle of the snn on the 12th of May, 1869, together 
with the dark F-line of the faint solar spectrum. In all these 
drawings the pointed bidght line coinciding in direction with the 
dark F-line indicates that portion of the prominence or chro- 
mosphere which was at rest ; these lines showed unequivocally 
that the greenish-blue light of the glowing hydrogen had under- 
gone no change in its wave-length, and therefore that the gas 
was not in motion either toward or away from the earth. The 
bright lines diverging from these normal lines to the right or 
toward the violet indicate those portions of the prominences that 
were in motion toward the earth with very varying velocities. 
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The greenish-blue line of the hydrogen gas, for instance, mani- 
festly underwent a very unequal displacement in the spectro- 
scope ; the lower portions lying close to the dark F-line showed 
a smaller displacement and therefore a smaller change (shorten- 
ing) of the wave-length than did the upper portions — ^an indi- 
cation that the incandescent hydrogen gas was moving from the 
sun toward the eye of tihe observer with a velocity greater in the 
liigher and less dense r^ons of the solar atmosphere thgin in the 
lower strata. 

Fis.l«0. 



i^u n^ii HI 
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Uneqiul Dtophoemeat of the greeniah-blae Hydrog«ii Une (H fi). 

By jneans of the distances from the normal dark F-line which 
are taken from Angstrom's maps and marked by dots, it is easy 
to recognize the individual displacements to which the greenish- 
blue hydrogen line is subject in consequence of motion, and to 
estimate from them the velocity of the movements of the gas. 
Lockyer found that the farthest displacement of the bright F-line 
corresponded to a shortening of the wave-length that indicated a 
velocity in the stream of gas of at least 147 miles in a second in 
the direction from the sun toward the earth. 

These spectroscopic observations receive an additional interest 
when taken in connection with those made with the telescope. 
On the 21st of April, 1869, Lockyer observed a spot in the neigh- 
borhood of the sun's limb. At 7h. 30m. a prominence showing 
great activity appeared in the field of view. The lines of hydro- 
gen were remarkably brilliant, and, as the spectrum of the spot 
was visible in the same field, it could be seen that the prominence 
was advancing toward the spot. The violence of the eruption 
was so great as to carry up a quantity of metallic vapors out of 
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the photosphere in a manner not previously observed. High up 
in the flame of hydrogen floated a doud of magneeium-vapor. 
At 8h. 30m. the eruption was over ; but an hour later another 
eruption began, and the new prominence displayed a motion of 
extreme rapidity. While this was taking place, the hydrogen 
lines at the side of the spot nearest to the earth were suddenly 
changed into bright lines, and expanded so remarkably &s to give 
undoubted evidence of the occurrence of a cydonic storm. ' 

The sun was photographed at Kew on the same day at lOh. 
55m. ; the picture showed clearly that great disturbances had 
taken place in the photosphere in the neighborhood of the spot 
observed by Lockyer. In a second photograph, taken at 4b. 
Im., the sun's limb appeared as if torn away just at the pkee 
where the spectroscope had revealed a rotatory storm. 

It occurred to both Secchi and Zollner that, from the unequal 
displacement of the C-line when observed at the two opposite 
points of the sun's equator, the speed of the sun's rotation might 
be ascertained. As a point on the surfi^^e of the sun turned 
toward the earth moves in the direction from east to west, so a 
point on the sun's eastern limb must be approaching an observer 
stationed on the earth, while a point on the western limb must 
be receding from him. The points upon the sun's equator would 
have the greatest velocity, amounting to as much as 1.92 kilo- 
metre in a second. If a spectrum line, as for instance the C-line, 
be observed on the eastern limb of the sun which is approaching 
the observer, it will in comparison with its position when viewed 
at the pole of the sun's axis, or even in the centre of the sun, 
appear to be displaced toward ike violet; while, on the contrary, 
the same line observed on the western limb of the sun where it 
18 receding from the earth would be seen to suffer a displacement 
towai*d the red. Secchi thinks he has observed similar displace- 
ments in the red H a line of the chromosphere when compared 
with the constant dark O-line in the spectrum of the atmosphere 
visible at the same time. This bright line when viewed on the 
achancmg limb in the sun's equator was seen pushed toward the 
violet, leaving behind it a narrow strip of the dark C-line visible 
on the side nearest the red ; when examined on the receding 
limb, the line was pushed toward the red, leaving behind it a 
narrow strip of the C-line visible on the side nearest the violet. 

AlthoTigh, owing to improvements introduced by Fizeau, 
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instrumentB are constructed of suflSicient delicacy to measure such 
a displacement even when it does not exceed 0.0075 of the in- 
terval between the two D-lines, and a very ingenious contrivance 
(a reversion spectroscope) has been specially devised by Zollner 
by which this small amount may be reduced one-half, yet obser- 
vations and measurements of this kind must be received with gi*eat 
caution. The observations of Secchi, as far as they relate to the 
displacement of the line, are doubtless correct, but it is premature 
to ascribe this displacement t& the rotation of the sun. Kot merely 
because displacements of the bright lines are seen at all times 
and at all points on the sun's surface, wherever prominences 
exist, sometimes to one side of the spectrum and sometimes to 
the other, and that often on the eastern limb of the sun's equator 
the red C-line is seen to be displaced toward the red instead of 
the violet, and the reverse observed on the western limb of the 
sun, but also because the dark lines of the spectrum ought to 
suffer an equal displa'cement if the cause lay in the revolution 
of the sun upon its axis. It must therefore be concluded that, 
at least in the instances adduced by Secchi, the observed displace- 
ment of the red line in the spectrum of the prominence was in 
no way due to the rotation of the sun. 



59. Spectrum Analysis of thk Heavenly Bodies. — ^Stellar 

Spectroscopes. 

The investigation of the spectra of the planets and fixed stars 
conamenced by Fraunhofer has since been carried on at various 
times by Lament, Donati, Brewster, Stokes, Gladstone, and 
others ; but their labors were restricted to observing the position 
of the dark lines present in these spectra, as well as their relation 
to the Fraunhofer lines of the solar spectrum, without any sus- 
picion of their real nature or connection with the material con- 
stitution of the heavenly bodies. It was not till KirchhoiFs 
discovery of the theory of the Fraunhofer lines (1859) that the 
sun, the planets, the fixed stars, the nebulse, clusters, comets, and 
even meteors, were subjected to analysis by means of their 
spectra. 

When it is remembered that the light of the stars, and espe- 
cially that of nebute and comets, is very faint, and that in a 
northern climate there are but few nights favorable for the ob- 
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eervation of these delicate objects, in which their light is neither 
overpowered by the moon nor obscared by mist or dond ; and 
when it is farther borne in mind that, since the instrmnents par- 
ticipate in the daily revolution of the earth, a complicated driving 
clock is requisite for giving them a contrary motion, by which 
the image of a star may be kept stationary for some time in the 
field of view ; some idea may be formed of the difficulties insep- 
arable from the investigations of the heavenly bodies by spectrum 
analysis, and some proper estimate *made of the services of such 
men as Angelo Secchi, director of the Observatgry at the Col-« 
legio Bomano at Bome, William Huggins, of Upper Tulse HiU, 
and William Allen Miller,* vice-president of the Eoyal Society, 
who have won for themselves well-merited honor by their untiring 
zQgl and energy in overcoming so many obstacles. 

It is obvious that the spectroscopes constructed in the man- 
ner most suitable for the analysis of terrestrial substances are not 
adapted for the investigation of stellar light. Whenever the dis- 
tances of the lines in the stellar spectra have to be measured, or 
their position compared with the spectrum lines of any terrestrial 
substance, the instrument must be attached to an equatorially- 
mounted telescope — that is to say, a telescope made to turn at 
the same speed as the earth, but in a contrary direction, so as to 
follow any star, from its rising to its setting, upon which the in- 
strument may be directed, and thus to keep the star stationary in 
the centre of the field of view. The motion of such an instru- 
ment is generally accomplished by clock-work, according to the 
method already described in connection^ with Fig. 110. 

The image of a fixed star in a telescope is, as is well known, 
a point ; now, the spectrum of a point is a line without any sensi- 
ble breadth, and therefore not suitable for observation, hx order 
to obtain a spectrum of sufficient breadth from a luminous point, 
the point may either first be converted into a short line of light, 
which is easily accomplished by the use of a cylindrical lens, and 
its light when projected on to the slit analyzed by a prism, or a 
linear spectrum may first be formed, and then a cylindrical Tens 
employed for increasing its breadth, f 

It is evident that suitable optical contrivances are requisite (a 

* [On September 80, 1870, the editor sustained the great loss, of his esteemed 
ftiend Dr. Miller, who died on that day after a short ilhiess.] 
f [The fir^t method should always be employed.] 
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large object-glass or concentrating lens, for instance) to collect 
the greatest possible amount of the &int light of a star, and con- 
dense it into a short line of light, and further that on account of 
the faintness of tibe object the dispersive power of the spectro- 
scope must under ordinary circumstance be limited, and the 
instrument contain only a few prisms. 

A suitable contrivance is also necessary whereby in immedi- 
ate connection with the spectroscope all kinds of terrestrial sub- 
stances may be converted into luminous vapor, either by means 
of a Bunsen burner, or, which is preferable, a Ruhmkorff s in- 
duction coil, and the light thus emitted sent into the spectroscope 
through the prism of comparison (Fig. 57), which covers one- 
half of the slit, so as to enable the observer to compare the spec- 
tra thus formed with the spectrum of a star. 

From these general remarks it will be easy to imderstand 
the construction of a stellar spectroscope, and become familiar 
with the details of its practical management. 



Fio. 161 




Men's Olject-glass Spoctrosoopc. 



The first stellar spectroscope was made by Fraunhofer in 
1828. In order to observe the spectra of the fixed stars, and at 
the same time to determine the refrangibility of their light, he 
<5onstructed a large instrument with a telescope 4J inches aper- 
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tiire, and placed in connection with it a flint-glasB prism possess- 
ing an angle of 37° 40', of the same diameter as the object-^ass. 
The angle formed by the incident with the emergent ray wag 
about 26°. Fraunhofer placed the prism in front of the object- 
glass of the telescope, so that the latter served only as the ob- 
serving telescope to the spectrum already formed. This plan 
was abandoned by later observers, who, after the example of 
Lamont (1838), allowed the light of the star to pass unchanged 
through the object-glass of the telescope, and analyzed the image 
from the position of the eye-piece either by a prism alone or else 
by the use of a small telescope. 

The Roman observers Sespighi and Secchi have lately re- 
verted to Fraunhofer's method, and have fru*nished their large 
refractors with an dbjedrglass ypectroacope constructed by the cele- 
brated optician Merz, of Mimich. 

In Fig. 161 the apparatus is represented complete, ready for 
attachment to the object-glass of a refractor ; Fig. 162 shows the 



Fir.. 162. 




Merz's Object-glo^s Spectroscope.— {MonDUii^' of the Prism.) 

mounting for the prism ; and Fig. 163 the prism when removed 
from its bed. The prism P is mounted in a ring turning on an 
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horizontal axis, which by means of the late] 
inserted between the screws h Jj, may be fitted i 
This outer ring is made to travel roimd th^ 
whole apparatus is placed in connection with tilzM- ^ 
object-glass, so as to allow of the prism being ;e=^II 
tion or inclined in any direction with respect; -fc 
or the axis of the telescope. Since the rays faUd 
glass are diverted by the prism, the axis of tlx^^ 
be pointed direct to the star that is to be ol>i^^ 
therefore, to facilitate the finding of a star, th.^ 
prism is constructed with an opening at <?, thro 
may be viewed direct ; on the side of the case 
ture is attached an achromatic system of pri 
fracting power with the prism P, by means of 
of finding a star is much reduced. 

The prism has a refi*acting angle of 12^ ; it £.4 
puS^est colorless flint glass, so that the loss of 15^^ 
inappreciable. Its aperture measures six Pari 
mounting is provided, as shown in the dra^ 
necessary contrivance for adjustment. 




t second i-ixxg. 
t^y which. t;lie 
oxxxiting of* t;lae 
^<i in any j>osi- 
*lx« object-^lass 
5^ <:>xx theobj«^c5t- 
— l^soope car^zMiB^ot; 
^<i- In oi-^i^x* 
3 carrying- -fcl^^ 
l^ich the i^-fc,a,x- 
it;e this a-x^^r- 

^ of equaX i^r-^^- 

^^fc^ -the difficrtj^H^^y. 

^^ ^^ occasiorxs. i^ 
^^»x<5lies; and tl^^ 




Pio. 163. 




Men's Object-glass Prism. 

Although this prism reduces the effective ^ 
9-inch refractor of the Collegio Eomano to less t;!:^ . 
amount of light obtained far exceeds that of th.^ " 
direct-vision spectroscope applied in the place o:^ 
the dispersion is, according to Secchi, at least si:^^ 
as the most powerftil apparatus applied at the ©y^^^ 

* [This statement needs oonfirmation. There may have beex^ 
the direct-yision spectrosoopes with which it was compared.] 



■^-^-x.^ Of th. 
-^^iS^f^^^lf, the 

■=^*^C5^ ^«f great 
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iiient of this kind made for the observatory of Pri 

of . feed M.r_by „„„.„(■; ^i*.^ „?°'"! °f «l 
pl«» of the oyo-piMe, either of ?C?o,? P"^'™ i 
•P^'itag out tl,e point of %,„ J^" 'J«'>o<l» «bov^ 
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may be adopted, and it is in most cases a mat;:^;^^: 

whether this lens be placed in front or behind tlx^ i 

The stellar spectroscope with which Huggii 
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indiffeiroxxoe 

s^Txd. prisms.** 

L^<3e his fipst 



Fig. 16S. 




Uuggins*8 SteDar Spectroaeope.— {Horizontal Soctlor^ _ ^ 

obsei^vations, and whiCh was constructed for hixt^ 
is represented in Figs. 164, 165, and 166. The omi^-g 
the eye-piece is the only portion of the equatorial -j 
in the drawings ; all the other parts are omitteci^ 
scope is attached to the eye-end T T of the teles^ 
of 8 inches aperture and 10 feet focal length, fcl^ , 
carried forward by clock-work. 

* [This statement is not quite correct. The cylindrical lens sl:^ .^-^ 
fore the slit.] 

f [This telescope has now been replaced by a refractor of 16 ii:^^^>^ 
15 feet focal length, constructed by Messjs. Grubb k Son, of I^vi.lt^^^^' 
Society, hy whom it has been placed in the hands of Mr. Huggins. 
new form, tonished with compound prisms automatically broug^li.-^ 
minimum deviation for the part of the spectrum under obeervat&o:x:^~^!^ ^ 
large telescope, are being constructed by the same opticians. One o:^ ■•lF* ^^^ 
IB described in a ilote at p. 96, and the train of prisms represei^^^^^ ^**= 
The instrument shown at C contains one compound prism (equal i^^ ^ ^^'•^ 
22 *^^ 



^^ *^l>e T T or 

^ "^ -^^ Bpectro^ 
:^ « i-efractoi- 
"'^iiole being. 

^« placed b^ 

^X>^rture an^j 
^ t;he Royiii 
^^®<5ope8 or a. 
i^cfcsitlon or 
^ ^th tl^u» 
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trum of the line of light is formed, the 8UtDT:>«3.ij«::M-.^^ 4>laced exactly 
in the focus of the object-glass of the telescox>^^5'_ ^ JBeliind tlx& sl^* 
is placed, as usual, the collimating lens ffj by -%p^^ Jtm. im. <i-rlx the i-a.y ^ ^^'^ 
rendered parallel before entering the prism ; -fct^ ^^ i^xxs is acluroxria- 
tic, and has a focus of- 4,7 inches, and an a;^:>^3?iKr-fc'BJix-e of ^ irxcU- 
By this arrangement the lens gr. receives all tXK^ Hj^ht wliic5l3- ^^' 

verges from the linear image of the star \srl::M.^^zM=m^ tliis has "k>^^^ 

brought precisely between the two edges of the as-IS^ !■_ -t^_ The ^p^x-^i-l^^^ 

rays emerging from the lens g pass through ty^^^zi^ ^=3.^x:Lse flin*— .^5"^-^^^ 
prisms A, A„ possessing a refracting angle of »c:^ ^^ lt>:F whiot»- -fclfc»-^^^ 
are decomposed, and a spectrum formed whiclTi_ im. a^ examirx^^:^ "t>:y 

means of the small achromatic telescope j?. In ^^^^^m^K^.ejr to in^.^^^^"^^"^^ 
the distances between the lines of the spectrum, ^z^Hzz^^e^ t^elescoj^^ <z^^^m. 
be turned upon a pivot by means of a fine ^^^^<^^^^^^^^ir:m.^'t^x''Bcr&y^%^ <^ - 2^ 

The object-glass of this observing telescope Itzm^t^s an ap4 

of 0.8 inch, and a focal length of 6.75 inclx^^s. 5 -j-j^^ ^^^ 

usually employed has a magnifying power of 5 . ^~^- -t ixnes ; tb. < -— ^ --. ^ ^ , 

crometer-screw is so contrived that it is possible -«^.^3> x^rxeasuro "v^^i^^^li 
accuracy an interval of y^ ^^ ^^^ distance batr^^i^?- ^^^xx the Hxx^g-is 
and H of the solar spectnim. 

The light of the terrestrial elements, the »I^i^.^3<3t;x-a of ^w^t^.^ 
are required for comparison with the specti-ui^j:^::^^-^ ^^^ ^ st^:^:- ^ 
brought into the spectroscope in the following *»^^^*::M:Tfc.:Kn.^r • ^ 

One-half of the slit D is covered with a 8na».X^H_ 'Bz^:ri«m e ^^^ 
Bite to which is a mirror F (Fig. 166), so fasteix^^c^ -^cT^^ s^SS^' 
scope by the armR as to ^®, ^^^y ^[^^^^^^ _ ^M^Xxis mi^o^^^^ 




ceives the light emitted by the substance, wKi^i^Cfc^ y^^ia z^^ ^^^ 
right position by metal forceps fixed^into eboi^si-fcu^^ is coiv^ ""^^ 



into glowing vapor by the induction spark, and J-^^^^^^^^f Ttv.^ 
a sid^pening in the tube T T into the telescoji-,^, ^ ^^ ^^'^^^^l^ 
little prisma. While at the same time, therefo,:.::^,^ +?^v^ *>*^ 
the star passes through one half of the sUt, tU,^ X.^:«3w 4v ^^ 

glowing terrestrial substance passes through th^ ««=». t^ v *S^ ^li^ 
in this way there are formed m the telescope i), a-fc ^«=.X^» ^' ^^ «*-*icl 
two spectra, ranged dose one over the other, so -^^-j^^^ ^ «ame tixici^^ 
dence or non-coincidence of the dark lines of t.>:»^^^ ^* the _eoitxQj_ 
bright lines of the terrestrial substance may V»^ •^nr^-^?^^'* witih tH^ 

accuracy. "^Served ^writi^ 

In his researches on stellar spectra, Secchi ®"»-:^:».:i^,^_^ 
ence a simple direct-vision spectroscope, as a ^na.<^-^^^^3i^s by pref^:^ 
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Hpparatus when nttached to an «ir'.^'^rfi' 't^L 
eSSlibriun. of the instrument, and interfere w.tn. 

of the dock-motion.* . . 

fhe spectro^ope employed by bj^^ vs Jij 
from the equatorial in Fig. 1«7 M> « «« j 
which is adapted at M to Bcrew mto J^* «> ^^P'^" 
equatorial; to this tube is »tta<-he.l the arc Q 
divided circle CB of which the t^^^^^^P^.^Jj* ''J 
round th« pivot <? by means of a line m.cromet^ 
Ae purpcJ of measnring the linee of the spectru.^ 



Fi>'- J^ 




E i& an achromatic cTliiidrical lens, the 
placed either at right angles to the slit or pa 
the sht, and * a email glass niirrur inclined to j 
angle than 45^, the upper half of which being li 
the light of the star to pass through imobstnl 
lower half, acting as a mirror, reflects from itft| 
into the spectroscope the li^it of the substaii 
deeeent in the electric apparatus at L. | 

The two achromatic lenses K K, as tlieir cod 

* [Wltcti the cquutcrial nioimting is aufficiently flrtn, wlilch * 
■11 large iostniraenta, fipectttJicopesi of the form repre^ftiited 
be preferr^ to direct^riaioD infttruments,] 
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at the slit, act as collimators, and render the rays' parallel before 
throwing them on to the system of prisms. 

The five Janssen-Hofinann direct-vision prisms p qp^ ^ p" 
(Fig. 47) throw the prismatic rays into the observing telescope 
Q O in the direction G df, so that the axis of the equatorial can 
be directed straight upon the star. 

In the lateral tube R I is the collimating lens B, in the focus 
of which is a small metal plate T, containing an exceedingly 
narrow slit, and movable backward and forward by means of a 
fine micrometer-screw V'. Through this slit passes the light of an 
enclosed lamp at I, and forms a very narrow line of light in the 
inside of the tube R I, which, reflected into the telescope Q O by 
the front surface of the first prism p^y serves as a mark to the 
observer in the examination of the relative positions of the spec- 
trum lines. 

In order to see the finer dark lines of the spectra, and to 
compare them with the lines of teiTestrial substances, instni- 
ments composed of single and compound prisms have recently 
been constructed both by Secchi and Huggins, suitable for appli- 
cation to powerful telescopes which admit of a great dispersion 
of the light. 

A sketch of Secchi's compound spectroscope without the 
equatorial is given in Fig. 168 : it is more particularly adapted 
to celestial objects of considerable diameter. By means of the 
screw O O* the instrument is attached to the eye-piece tube of the 
refractor ; at K, as in the foregoing arrangement, is a cylindrical 
lens by which the image of a star appearing as a point is extend- 
ed into a fine line of light, and brought precisely within the 
opening of the slit. F is the slit, half of which is covered with 
the prism for comparison,^ ; B the collimating lens for bringing 
the rays on to the first prism in a parallel direction. Both 
prisms C and D are of dense flint glass, possessing a refracting 
angle of 60"", and are fastened on to the plate X Y Z ; they 
throw the spectrum of the star into the axis of the direct-vision 
spectroscope E F H O, which contains the compound prism E F, 
consisting of five prisms, the observing telescope H O, and, as 
in the instrument previously described, the lateral tube K with a 
graduated scale. This scale is moved by the micrometer-screw 
M, and when the instrument is in use is illuminated in the usual 
manner by the flame of a lamp ; the image of the scale is thrown 
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by reflection from the front surface of the last prism into tlie 
telescope O; where the eye sees at the same moment the divisions 
of the scale and the spectrum of the star. N is a holder for re- 
ceiving Geissler's tubes. 




Seoohi^s lArge Telespectrosoope. 

Huggins's large compound telespectroscope is shown in Fig. 
1 69 ; it consists of two direct-vision systems of prisms, each sys- 
tem composed of five prisms, with a train of three excellent sin- 
gle prisms, two of which possess a refracting angle of 60*^, and 
one of 45°, making thirteen prisms in all. The spectroscope is 
screwed in the usual manner into the eye-tube T T of an equato- 
rial, driven by clock-work : a is the slit provided with a prism 
for comparison, and the contrivances, already described, for the 
simultaneous obsen^ation of the spectrum of a star, and that of a 
terrestrial substance produced by the induction coil; h is the 
achromatic collimating lens of 4.5 inches focus which renders 
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parallel the rays entering the slit. The light is decomposed first 
by the set of prisms d^ then ftirther dispersed, and the individnal 
colored rays still more separated, by the following train of three 
prismsy^, g of 60°, and A of 45°, after which it again passes through 
a second direct-vision system of prisms ^, to reach the object-glass 
of the telescope c. The last set of prisms e is placed in a tube 
attached to the telescope c; by means of a micrometer-screw the 
telescope can be directed to any part of the spectrum, which is 
a necessary contrivance in the observation of nebulse, as these 
objects frequently emit light consisting only of two or three dii- 
ferent kinds of colored rays. • 




Ilugglns'ii I^ATgc Telespoctroscope. 

The compound prism e can be employed or dispensed with at 
pleasure, so that the dispersive power of the instrument may be 
made to vary within the limits of from 4^ to ft| prisms of 60°. 
The advantage of being thus able to reduce the dispersive power 
of the instrument is found to be very great when observing faint 
objects, or when the atmospheric conditions are unfavorable. 

The excellence of the prisms and the whole instrument is 
proved by the gr«it purity and sharpness with which, even with 
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high powers, the finest lines in the spectrum can be separated 
when metals are volatilized in the electric spark. 

For most purposes, however, and for application to smaU re- 
fractors, the dispersion of the stellar light must be accomplished 
in much less compass than is the case with the instruments just 
described. The direct-vision spectroscope constructed by Merz, 
of Munich, for the observation of the solar prominences described 
at p. 270, is a very efficient instrument for this purpose, and from 
the simplicity of its construction is easily managed. When at- 
tached to the telescope it is screwed into the sliding-tube of the 
eye-piece, which has been previously removed, and the cylindrical 
lens L (Fig. 170), not required for the observation of the promi- 
nences, is inserted in such a manner as to project the line of light 
i^nto which the image of the star has been converted exactly upon 
the slit 8 8. As there is no means of altering the distance between 
L and «, the exact adjustment of the line of light on to the slit is 




Merz's Simple and Compoand Spectroscope. 

accomplished by screwing the whole instrument in or out, which 
increases or diminishes the distance between the lens L and the 
image of the star. In observing the spectra of the stars, when 
the light is sufficient to allow of it, the dispersive power may be 
doubled by the introduction of a second system of prisms, with- 
out losing the advantage of a direct-vision spectroscope. 

A simple stellar spectroscope is also constructed by Merz 
adapted specially to telescopes of small power. A drawing of 
this instrument is given in Fig. 171 ; it consists of a positive eye- 
piece O, an adjustable cylindrical lens L, and a direct- vision sys- 
tem of five prisms, the dispersive power of which amounts to 8° 
from D to H. It is so contrived that the prisms, when separated 
from the lens L and the eye-piece O, may be easily introduced be- 
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tween the collimator C and the Bystem of i>j 
spectroseope (Fig. 170), which is fdmished -wri 
iiiBtrmnents (Figs. 170 and 171) thus form a 
spectroscope admirably suited to the observati 
Lodies. 



3Cft.i3 <i^±* the larger 
£1. bU^. The fc^^o 



Fw. m. 




Men^s Simple Spoctruaoope. 



Even Browning's miniature spectroscope, re 
49, and desmbed in p. 119, which, including fix 
the prisms, measures only 3^ indies, yields a r< 
when directed on to a bright star, and shows ^ 
prominent dark lines. The construction of tkl 
is shown in Fig. 172. The outer tube carries 
be removed at pleasure, and is easily adjusted 




ted in IE»^Ej 

contaixx: 

spectinxiiti. 
<H«tinctljr tix^ 
**1^ ixistruna^i:!^^ 
slit;, -wrhich cja^xi 
*iimxng ronixci 



Fig. its. 







BrowniDg's Miniature Spectroeoope. 



a ring ; in this tube slides a second tube carrying- ^fc Jbi. 

luatie collimating lens C, behind which is plac^<^ *!:» 

seven prisms P, and an opening O for the eye-j>i;^^^-^^ ^ 

lens. To employ it in stellar observations, th& "fc~^:».l>^^ "*^^«.oixt a^n^ 

the slit is removed, and the collimator tube O ^s^:^:**^-^^^^ ^^^^^"^"^iniixc^ 

place of the eye-piece of the telescope. The sp^c^fc:^-^-^ ^^<i into tX^ 

so adjusted that the image of the star is brouglxfc iir:^ ^^X^^ is easil-v- 

of the lens C, whence the rays are thrown in ^^ .^^ ^^o "tlie foovi 

tion on to the system of prisms P, and preseat: -fc^^^ -•-i!^'^^^! dir^^ 

at O a sharply-defined linear spectrum of the sta.i-^ ^^^^^^ olisei*^^^ 

duction of a suitable cylindrical lens between th.^ ^^-^^T^'^^'^ 'tlxe 

tlie eye, a sufficient breadth is given to the sp^ctiirx:^:^!^^ ^^^olo O 

lines to be visible when the instrument is propeirl^^ ^^^^o^* t;lxe H ^ 






Digitized by 



Google 



332 



SPECTRUM AN,\l.YSrS. 



> 



We must not omit here to mention the simple spectroscopes 
employed both by Seecbi and HuggiiiB in those circumstances 
when the light is insufficient or the large instnunents too curn- 
brous tor use. Hitggins has long made use of a hand spectro- 
scope for observin^r the spectra of meteors and other phenomena 
m rapid motion in the heavens; similar instrnments were alst» 
employed m the various expeditions for observing the solar 
etl.p^ ot August 18, 1868, on wlueb occasion they rendered 
valuable 8enice, "^ 

These instruincuts ns constrvuted by Browning consist prin- 

rVuhT ?'""" "f f ^^^' ""''^ •Ji'^ct-v'ision sySem of prisms 
r, and an observmg fde^eope a b. The achromatic obiect-Sass a 

-IUA1U5. Aj>e system ot 

Fill. un. 




-i«iJi^'.U.n,lS|M.rr.»K-(; 



pria,nseormJ.tsofo„cpmn.af dense flmt oi 

of m^n gla... ^^^ «'nt glass and two prisn.g 

The field of view of fl.Tc i. i 

starlmsa,, .ipparont length of ^o t ^' ® spectrum of a hHtrht 

«• The same little in- 
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strument suffices to show some of the FraunhoriR^:^— 1 iixos in t;li.e 
spectrum of the extreme points of the moon's c^~«^b.j5»:ei^^9 as well as 

the dark lines in the stellar spectra. In ord^^^mr- -t;<=> ^ive sorxxo 

breadth to the spectrum of a star, which in tkijs. -m -»-■ ^-C^x-xLinent a.i>- 
pears only as a bright line, a small cylindrical ler^.^ jkl j^ jpl^SLced o^\r^rr 
the eye-piece immediately in front of the eye. A.s «^jft=M. ^^ ixxstrum^r^* 
18 not furnished with a slit, it can only be used ox:^ Tt^ :K-i^-ht objoc5-t^s 
of small magnitude, or on objects at such a disfc^^K-iM^ ^^^^ that tfa.^3^ 
have only a small apparent size. 

60. Spbotea of the Moon Ain) Plan-jes-uh:-:^^. 

Since the planets and their satellites do not ^ :«=»=». i-fc ^^^^y H^Mum^^^^ 
of their own, but shine only by the reflected liglzz^-fci ^^^ ^^^ ^^ 
their spectra are the same as the solar spectrum, aK=^^ .^i^. an j di:flF3 
ences that may be perceived can arise only from *^^^^^ ^^l^anges 
sunlight may undergo by reflection from the six jl .MT^^ <3^s of th 
bodies, or by its passage through their atmosphereet — 

The observations of Fraunhofer (1823), Brew-s^^ii ^^,::^ and 0-1 
stone (1860), Huggins and Miller, as weU as Ja-^^^-^xx^ agree ^^ 
establishing the complete accordance of the lunar ^Z^z^^^czt-fcx-um wi-fcl:^ 
that of the sun. In all the various portions of tlx ^^^ :trxoon'8 disT*-- 
brought under observaticm, no difference could be^ IK>efcx-oeived i ^^ 
the dark lines of the spectrum either in respect of «^:fc^^ix- nunxK ^^ 
or relative intensity. From this entire absence e:*.:^^ «.x^^ BT>ec-^^^ 
absorption lines, it must be concluded that there=^ -5^ ^ atm 

phere in the moon, a conclusion previously amvecf*^ ^^-e fJom i?^'^ 

circumstance that during an occultation no ^®*^^^-^=^-fc^_^/7 . *^^ 
ccived on the moon's limb when a star disappea*-^^ -^ i.- .l^«**^ 
disk. Moreover, a small telescope of only a few 11:^.^1^-3^ ^tima tlv^ 
suffices to show the spectrum of the moon very dis^^i^^^:^ ^^i-« apertixx-^ 

The spectra of the planets Venus, Mars, Jupite:^:-^ ^^. J^^ o 
are also characterized by the Fraunhofer lines P^^<^2i-^^^^V^^ Satiu^n, 
solar light, but contain in addition the absorptio»x. ^^ •^^^ ^ tlx^ 

are known to be telluric lines (§ 47), and are e^v-i^^^^^^^^^^es wMc>i 
presence of an atmosphere containing aqueous vapo:^:-^^ ^■^oe of tH^s 

The spectrum of Jupiter, which has been ^^^^^■^X.-*^^,^^^ 
by Browning with a spectroscope attached to his l^-^-,^_^^^ ^xamiixeci 
or, is not of sufficient brilliancy to allow of its beir^^^ ^^^i^^"*^ i^efleet-^ 

measured with extreme accuracy. Kotwithstana.x:»r^^^^^ "^^erved oi* 

^lie grout 
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tinun disappears altogether, and shows a blank 
ing entirely over the yellow to the red, wli.^ 
faint reappearance of light. The Bpectrum 
one as would be produced were all tiie yello^vir 
from the light of the sun. The dark 
sodium line D occurs, as is well known, 
in the part of the spectrum occupied by 
this broad non-luminous space:, is this 
extraordinary phenomenon, therefore, to 
be ascribesd to the influence of this metal, 
or is the planet Uranus, which has a 
spectrum differing so greatly from that 
of the sun, self-luminous ? Has the planet 
not yet attained that degree of consist- 
ency possessed by the nearer planets, 
which shine only by the sun's light, and, 
as the photometric observations of Zollner 
lead us to suppose is possible, id still in 
that process of condensation and sub- 
sequent development through which the 
earth has already passed? These are 
questions to which at present we can fur- 
nish no reply, and the problem can only 
be solved by additional observations of 
the strange characteristics exhibited by 
this spectrum.* 

The spectrum of Neptune, which has 
also been examined by Secchi, bears a 
^eat resemblance to that of Uranus. It 
is characterized by three principal bands. 
The first, which is the faintest, is situated 
between the green and the yellow, nearly 
in the centre between D and h ; it is of 
considerable breadth, but very ill defined 
at the edges. Between this and the red 
there is a tolerably bright band, with which tlie 
suddenly to terminate, and the red is entirely 

* [Huggins gives the following description of the spectrum o^ -»- ^ 
recentlj presented to the Royal Sodety : "The spectrum of ^n^^^*^^'^ 
my instrument, is represented in the accompanying diagram. Xn^^^^' 
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The second absorption band oecnrs at the line h ; it is tolera- 
bly well defined at the edges, but much feinter and more diffi- 
cult of observation than the first band. The third band is in 
the blue, and is even fainter than the second. 

This spectrum is in agreement with the color of the planet, 
which resembles the beautiftd tint of the sea. A peculiar inter- 
est attaches to this spectrum from the coincidence of the dark 
bands with the bright bands of certain comets, and with the dark 
bands of stars of the fourth type. These bands may possibly be 
due to carbon ; but accurate measurements are exceedingly diffi- 
cult, and can only be attempted on the finest evenings and with 
the use of the most powerful instruments. 

While Jupiter and his satellites, with a power of 350, give 
a sharply-defined image, the disk of Neptune, with the same 
power, ceases to be well defined, and appears with a nebulous 
edge,* From this it may be inferred that the planet is sur- 
rounded by a dense mist of considerable extent, the chemical 
nature of which has yet to be discovered, or else that, like Jupi- 
ter, Saturn, and Uranus, it has not yet attained that degree of 
density which must necessarily precede the formation of a solid 
surface. 



61. Spbcjtra of the Fixed Stars, f 

The fixed stars, though immensely more remote and less 
(•onspicuous in brightness than the moon and planets, yet from 
the fact of their being origmal sources of light fdmidi us with 
fuller indications of their nature. In all ages, and among every 
people, the stars have been the object of admiring wonder, and 
not unfrequently of superstitious adoration. The greatest in- 
vestigators, and the deepest thinkers who have devoted them- 
selves to the study of the stai*s, have felt a longing to know more 

* [This statement is not supported by the observations of other astronomers pos- 
sessing large telescopes; Mr. Lassell has, on favorable occasions, with his 20-foot 
telescope, seen the disks of Uranus and Neptune as sharply defined as that of 
Jupiter.] 

f In this section, which treats of the fixed stars and nebule, we have followed 
almost exclusively, and in some places verbally, the excellent treatise ** On Spectrum 
Analysis applied to the Heavenly Bodies : a IMsoourae delivered at Nottingham, before 
the British Association, 1866, by William Huggins." We have also made use of the 
following work : ** Sugli Spettri prisroatici dei cor^i oelesti ; Memoire del R. P. A. 
Sccchi, 1868." 
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of these sparkling mysteries, and with the child have experienced 
the sentiment expressed in the well-known lines : 

'' Twinkle, twinkle, little star, 
How I wonder what you are I " 

The telescope has been appealed to, bnt in vain, for in the 
largest instraments the stars remain diskless, never appearing 
more than as brilliant points. The stars have indeed been rep- 
resented as simsy each surrounded by a dependent group of plan- 
ets, but this opinion rested only upon a possible analogy, for of 
the peovUar natmre of these points of light, and of what sub- 
stances they are composed, the telescope yields us no informa- 
tion. Spectrum analysis alone can disclose to us this much-cov- 
eted knowledge, as it gives us the means of reading, in the light 
emitted by these heavenly, bodies, the indications of their true 
nature and physical constitution. In this light we possess a 
telegraphic communication between the stars and our earth ; the 
spectroscope is the telegraph, the spectrum lines are individually 
the letters of the alphabet, their united assemblage as a spectrum 
forms the telegram. It is not, however, easy to comprehend 
this language of the stars, but through the indefatigable labors 
of Secchi, Huggins, and Miller, most of the bright stars, the 
nebulfle, and some of the comets, have been investigated by spec- 
trum analysis, and valuable evidence obtained as to their physi- 
cal constitution. 

As the spectra of the stars bear in general a marked resem- 
blance to the spectra of the sun, being continuous and crossed by 
dark lines, there is every reason for applying Kirchhoif 's theory 
also to the fixed stars, and for accepting the same explanation of 
these similar phenomena that we have already accepted for the 
sun. By the supposition that the vaporous mcandesoent photo- 
sphere of a star contains or is surrounded by heated vapors which 
absorb the same rays of light which they would emit when self- 
limiinous, we may discover from the dark lines in the stellar 
spectra the substances which are contained in the photosphere or 
atmosphere of each star. In order to ascertain this with certainty, 
the dark lines must be compared with the bright lines of ter- 
restrial substances volatilized in the electric spark ; and the com- 
plete coincidence of the characteristic bright lines of a terrestrial 
substance with the same number of dark lines in the stellar 
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•spectrum would justify the conclusion that this substance is pres- 
•ent in the atmosphere of the star, a conclusion that gains all the 
more in certainty the greater the number of lines coincident in 
the two spectra. 

For the purpose of exhibiting the results of his observations 
before a large audience, Huggins, in conjunction with Miller, 
prepared accurate drawings of the most remarkable stellar spec- 
tra, and had them photographed on glass of the size of about 
two inches. By means of these transparent photographs, colored 
in correspondence with the tints of the spectrum,* it is possible 
by the use of Duboscq's lantern and the electric or Drummond's 
lime-light, so to magnify these stellar spectra, and project them 
on to a screen, that even at a great distance the dark lines may 
be easily distinguished. 

The brilliant spectra of two stars of the first magnitude, Alde- 
baran (a Tauri), and Betelgeux {a Ononis), taken from these 
photographs, are represented in Fig. 175. The positions of all 
these dark lines, about eighty in each spectrum, which cross that 
portion of the continuous spectrum between the Fraunhofer lines 
C and F, were carefully determined by Huggins and Miller 
through repeated and very accurate measurements. These meas- 
ured lines, however, are but few compared with the innumerable 
fine lines which are visible in the spectra of these stars. 

Beneath the spectrum of each star the bright lines of the 
metals with which it was compared are represented. These 
spectra of terrestrial elements appear in the spectroscope as bright 
lines upon a dark background, in the position shown in Fig. 175, 
that is to say, exactly in juxtapoMtion with the spectrum of the 
star, so that it can be determined with the greatest accuracy 
whether these bright lines are coincident or not with the dark 
lines of the star. 

The double D-line characteristic of sodium, for example, 
coincides line for line with a dark line also double in both the 
stars ; sodium-vapor is therefore contained in the atmosphere of 
these stars, and the metal sodium forms one of the constituent 
elements of these brilliant and remote heavenly bodies. 

The three bright lines Mg in the green are so far as is yet 
known excl/aswdy produced by the luminous vapor of magne- 

* These are to be had from W. Ladd, 11 and 12 Beak Street, Regent Street^ W. ; 
and from J. Dnboecq, 21 Rue de TOd^on, Paris. 
23 
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slum ; they agree in position exactly, line for line, with the three 
dark stellar lines h. The conclusion, therefore, would appear to 
be well founded that magnesium forms another of the constitu- 
ents of these stars. 

In the same way, the two intensely bright lines marked H, 
characteristic of hydrogen gas, one of which is in the red and 
the other in the blue limit of the green, coincide precisely with 
the dark lines C and F in the spectrum of Aldebaran, but not, 
according to Huggins, in that of Betelgeux ; therefore hydrogen 
gas exists in the photosphere or atmosphere of Aldebaran, but is 
not present in that of a Ononis.* In a similar manner, other 
elements, among them bismuth, antimony, tellurium, and mer- 
cury, are known to form constituents of these stars. 

It is necessary to remark here in reference to all these ele- 
ments that the certainty of then* presence in the stars does not 
rest upon the coincidence of only one line, which would furnish 
but feeble evidence, but upon the coincidence of a group of two, 
three, or more lines occurring in different parts of the spectrum. 
The coincidence of many other bright and dark lines of the same 
substance might doubtless be seen, as in the case of the solar 
spectrum, were the light of the star more intense ; but the jfitint^ 
ness of the stellar light limits the comparison to the stronger 
lines of each terrestrial substance. 

The question might be asked. What elements are represented 
by the other innimierable dark lines and bands in the stars ^ 
Some of them are probably due to the vapors of such terrestrial 
elements as have not yet been compared with the spectra of the 
dtars. 

The fact that certain stars possess an atmosphere of aqueous, 
vapor has been observed both by Janssen and Secchi. They be- 
long for the most part to the class of red and yellow stars, and 
in flieir spectra, as might be supposed, the lines of luminous hy- 
drogen are wanting. As' early as 1864, Janssen had remarked: 
the existence of an atmosphere of aqueous vapor in the star An- 
tares ; and after a more complete investigation of the speetrumi 
of steam in 1866 (§ 47), and further observations of stellar spectra 

* [No 9tr(yng lines comparable with those seen in other stars were obsenred by 
Huggms and ICiller in the spectrum of Betelgeux, and some other sUrs giving a similar 
spectrum, at the positions occupied by the lines of hydrogen, but upon this obsenratioD 
it is not safe to base the conclusion that that element is entirely ataaea*.! 
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made after the total solar eclipse of 1868 in the remarkably dry 
air of the heights of Sikkim (Himalaya), he could no longer 
doubt that there are many stars snrroxmded by a similar atmos- 
phere. Notwithstanding the dry condition of the air, the lines 
of aqueous vapor were more strongly marked in the spectra of 
these stars as seen from the heights of the Himalaya than had 
been observed previously, a phenomenon which cannot be ascribed 
to the absorption of the earth's atmosphere, and must therefore 
he due to that of the star.* 

The results of the comparison of the two stellar spectra given 
above (Fig. 175), with the spectra of terrestrial elements, are 
given in the following table : 

TERRESTRIAL ELEMENTS COMPARED WITH ALDEBARAX. 





COINCIDENT. 


NOT COINCIDENT. 




1. 


Hydrogen with the lines C and F. 


Nitrogen 3 lines compared. 


2. 


Bodinm with the double D-line. 


Cobalt 2 *' 




8. 


Magnesium with the triple line h. 


Tin 5 " 




4. 


Calcium with four lines. 


Lead 2 *' 




6. 


Iron with four lines and with E. 


Cadmium 3 " 




«. 


Bismuth with four lines. 


Barium 2 " 




7. 


Tellurium with four lines. 


Lithium 1 lino 




8. 


Antimony with three lines. 






^. 


Mercury with four lines. 








TERRESTRIAL ELEMENTS COMPARED 


WITH BETELGEUX. 






OOINCIDXirT. 


NOT OOINOIDBNT. 




1. 


Sodium with the double D-line. 


Hydrogen 2 lines compared. 


3. 


Magnesium with the triple line J>, 


Nitrogen 3 " 


(( 


3. 


Calcium with four lines. 


Tin 5 *' 


ii 


4. 


Iron with four lines and with E. 


Gold? 


, 


5. 


Bismuth with four lines. 


Cadmium 8 '* 


44 


6. 


Thallium? 


Silver 2 ** 


4C 






Mercury 2 '' 


44 






Barium 2 " 


44 






Lithium 1 line 


44 



62. Seoohi's Types of the Fixed Stars. 

While Huggins and Miller had thus been investigating about 
a hundred of the brightest stars, Secchi, favored above his Eng- 
Ksh fellow-laborers by the purity of an Italian sky, had already 

[* These observations of the presence of lines of aqueous vapor in the spectra of 
some of the stars appear to the editor to require confirmation with instruments ^ 
greater dispersive power.] 
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extended his observations over more than five hundred fixed 
stars,* and gave the results to the world in 1867, in his work 
entitled " Catalog© delle Stelle di cui si d determinate lo spettro 
luniinoso, all' osservatorio del Collegio Eomano." Since then, 
above a hnndred more stars have been added to this catalogue 
by this industrious astronomer, so that there exists at present a 
rich mass of spectrum observations of the fixed stars, which 
Secchi has so far provisionally arranged as to be able to group 
them into four principal types^ into which all stars, with only a 
few very remarkable exceptions, may be classified. 

The first type is represented by the star a Lyrse (Frontis- 
piece No. 12), and also by the well-known brilliant star Sirius 
(Fig. 176, I.). Most of the stars shining with a white light are 
included in this class, such as Sirius, Vega, Altair, Regulus, 
Kigel, the stars of the Great Bear with the exception of a Urs8B, 
etc. All these stars, which are usually considered white stars, 
although they really* shine with a slight tinge of blue, give a 
spectrum like that represented in Fig. 176, No. 1. It is com- 
posed of rays of all the seven colors, and is sometimes crossed 
by very numerous and mostly very fine lines, but always by four 
broad and very dark lines. Of these four lines, one is in the 
red, another in the greenish blue, and the remaining two in the 
violet. All the four lines are due to hydrogen, and are in exact 
coincidence with the four brightest lines (H a, /S, 7, S) composing 
the spectrum of terrestrial hydrogen as produced by means of a 
Geisslcr's tube. In Fig. 176, No. 1, the dark line C coincides 
with the line H a, the F-line with H )8, the line V with II 7, 
and W with II S. Besides these four broad lines characteristic 
of hydrogen, the spectra of the brightest stars of this class show 
also a faint dark line in the yellow, apparently coincident with 
the sodium line D, and also a number of still fainter lines in the 
green belonging to iron and magnesium. 

The most remarkable peculiarity of this type is the great 
breadth of some of the lines, which seems to indicate that the 

* [This work of Secchi and that of Huggins and Miller are not comparable. The 
obseryations of Huggins and Miller consisted of the direct comparison in the spectro- 
scope of the lines seen in the spectrum of a star with the bright lines of terrestrial sub- 
stances, an investigation which required many months* work upon a single star, and 
was immensely more tedious and laborious than the micrometric measures of the prin- 
cipal stellar lines to which Sccchi's work was mainly restricted.] 
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absorptive stratum must be very thick and under considerable 
pressure, as well as at a very high temperature. 

In the smaller stars the line C in the red is difficult of obser- 
vation, on account of the faintness of the light, while the line 
occurring in the blue is often very broad. A slight tinge of 
blue pervades the color of all these stars, as before stated ; con- 
sequently their spectra contain but little red and yellow, while 
the blue and violet predominate.* 

A complete spectrum of the first type is given in Huggins's 
drawing of the spectrum of Sirius (Fig. 177.) Nearly half the 
stars in the heavens are included in this type, and their spectra 
may be examined even with a telescope of small power. 

Fia. m. 




Spectram of Sirius. 

The second type of fixed stars, represented by the spectrum 
of Arcturus (a Bootis), is that to which our sun belongs. In 
this class most of the yellow stars are included, as, for in- 
stance, Capella, Pollux, Arcturus, Aldebaran, a in the Great 
Bear, Procyon, etc. The dark (Fraunhofer) lines are very 
strongly marked in the red and in the blue portions of their 
spectra, but are almost entirely absent in the yellow. The 
Fraunhofer lines in the solar spectrum (Fig. 176, No. 11.) give 
an example of this. The space between the lines A and D is 
occupied, as is well known, by red and orange ; yellow extends 
from D to E ; while green and blue lie beyond. While strong 
absorption lines cross the spaces between A and D, and between 
E and G, they are almost entirely wanting in the yellow space 
between D and E.f It is therefore to be expected that this 

* [The whole range of red and yellow rays is present, though it may be that the 
more rcfhingible parts of the spectrum are relatively brighter than in some other 
Stan.] 

f [The lines in this part of the spectrum are numerous, but are very fine, and 
easily escape obsenratku.] 
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color should predominate in the light of these stars. The dark 
lines, moreover, are generafly sharply defined, and only occasion- 
ally, as in the case of a Taurl, seem somewhat expanded.* 

The stars belonging to this class are difficult to observe. 
The dark lines in the spectra of CapeUa and Pollux are ex- 
tremely fine, while those in Arcturus and Aldebaran are much 
broader, and more easily recognized. Aldebaran may be re- 
garded as holding an intermediate position between the second 
and the third type, while Procyon forms the connecting link be- 
tween the stars of the first and second type. 

The dark lines in the spectrum of the second type coincide so- 
exactly with the strongest of the Fraimhofer lines, that stars of 
this type may be used, as suggested by Secchi, as a standard of 
comparison in the investigation of other spectra, and as a correc- 
tion for the instrument. This close conformity to the solar 
spectrum undoubtedly leads to the conclusion that these star& 
are composed of simHar elements and possess a physical consti> 
tution in other respects analogous to that of our sun. Many of 
them appear to yield a continuous spectrum, but this arises only 
from the fineness of the lines, which does not allow of their being 
always visible. They are, however, generally easily seen in a 
good instrument when the air is clear and free from tremor. 

To the first type belong about one-half of all the stars hither- 
to observed ; of the remaining half, perhaps two-thirds may be 
reckoned as yellow stars, to be classed accordingly under the 
second type. 

Of the iMrd type, which includes specially the stars shining- 
with a red light, Secchi has given as an example the spectra of 
the stars a Orionis, and a Herculis (Fig. 176, and Frontispiece 
Nos. 13 and 14). The spectra of such stars appear like a row 
of coliunns illuminated from the side, producing a stereoscopic 
effect ; and, when the bright bands are narrower than the dark 
ones, the spectrum has the appearance of a series of grooves. 
Eed stars of even the pighth magnitude have been examined 
spectroscopically with Secchi's admirable instrument and show a 
similar constitution, while no spectrum could be obtained from 
white stars of the same magnitude-f 

* [The lines in the spectrum of Aldebaran appear to the editor as narrow and 
defined as those of the solar spectrum.] 

f [The meaning probably is, that in white stars of this magnitude, with Secdbra 
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111 red stars the absorption lines are more bands than lines^ 
and resemble the bands produced in the solar spectrum by our 
atmosphere. The sodium line D is not sharply defined, as in 
Nos. I. and U., as a single or a double line, but is very much 
expanded and shaded at the edges, as shown in the Frontispiece 
Nos. 13 and l^."^ This seems to indicate that these stars are 
surrounded by a powerftdly absorptive atmosphere, the nature 
of which can only be accurately ascertained when a more perfect 
knowledge of the influence which the temperature and density of 
a gas exerts upon its spectrum has been acquired. 

Only about thirty bright stars belong to this type, among 
which are a Orionis, a Herculis, /8 Pegasi, o (Mira) Ceti, Antares, 
etc. ; if stars of the second magnitude be included, their number 
will amount to about a hundred. 

Secchi remarks as a peculiar characteristic of these stars that 
the darker lines of the spectrum separating the grooves occur in 
the same place in all the stars. The most prominent are those 
of magnesium (& in Fig. 176, No. HI.), sodium (D), and iron, 
which, as in the solar spectrum, are often ill defined. The hy- 
drogen lines are also present, but they do not predominate as in 
the foregoing types. Hydrogen gas is therefore likewise present 
in these stars ; when its characteristic dark lines (0 and F) are 
not visible in their spectra, an instance of which, according to 
Huggins, is to be found in a Orionis (Fig. 175, No. 2), this anom- 
aly is to be explained by these lines being sometimes reversed, 
and appearing as bright lines, a phenomenon occasionally to be 
moticed in the spectrum of a solar spot. Most of the prominent 
lines belong to metals which are found also in the sun. 

As a rule, the spectra of these stars resemble closely the spec- 
trum of a solar spot, which has led Secchi to the conclusion that 
stars of the third type differ only from those of the second by the 

iDBtrament, the fine dark lines could not be recognized, whereas in red stars the close 
aggregations of these lines, in groups, which form the grooves of which Secchi speaks, 
could be seen. With superior instrumental power, the grooved appearances described 
in the text disappear, and the spectra of these stars are seen to be crossed by numer- 
ous dark lines, arranged in successive groups.] 

* [This statement is not in accordance with the observation of the editor. In 
some of these stars, as a Herculis, the sodium line falls withm a group of lines ; in 
others, as /3 Pegasi and a Orionis, fine lines are present very near to D. Under un- 
favorable circumstances of observation, therefore, the line D may have the appearance- 
of '*bdng expanded and shaded at the edges."] 
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thickness of the envelope of vapor or atmosphere by which they 
are sorrotmded, as well as by the want of continuity in their 
photosphere ; it seems therefore that these stars mnst have spots 
like onr sun, but of proportionally much larger dimensions. 

The fcv/rth type, consisting of stars not exceeding the sixth 
magnitude, is principally characterised by a spectrum of three 
bright bands separated by dark spaces ; tibe most brilliant band 
lies in the green, and is in general well marked and broad ; the 
second, much &inter, and often scarcely visible, is in the blue ; 
while the third, in the yellow, extends as &r as the red, where it 
separates into several divisions. ^ 

All these bright bands have this peculiarity, that they are 
brightest on the side toward the violet, where the b'ght terminates 
abruptly, wlule toward the red they fade gradually away into black. 

The spectra of this class are therefore in direct contrast to 
those of the third type, in which the columnar bands are not only 
double in number in the same space, but the maximum of their 
light is turned toward the red, while the darker side is toward 
the violet. The spectra of the third and fourth types can there- 
fore in no way be regarded merely as modifications of one and 
the same original spectrum, but must be considered as emanating 
from substances completely and entirely differing one from the 
other. The extreme faintness of these stars forbids the use of 
the slit, and thus the substances emitting their light cannot be 
ascertained with certainty ; their spectra, however, bear a very 
close resemblance to the spectrum of carbon. 

A spectrum of this fourth type is given in Fig. 176, No. IVf 
(No. 152 of Schjellerup's catalogue). Secchi has observed about 
thirty of this class, the most beautiful of which are Nos. 41, 78, 
132, 152, and 273 of Schjellerup's catalogue. Great variety is 
noticeable in their spectra ; some of them, such as the red star in 
the Great Bear (No. 152 Schj., in Fig. 176, No. IV.), showing 
intensely bright lines, two of which occur in the green and two 
in the greenish blue in the spectrum of this star.* 

* [The description of the spectra of these stars differs from the appearance Uiey 
present to the editor. He places bdow a diagram of the spectrum of the red star, 
2To. 162 of Scl^'elleiiip's catalogue (Astronomische Nachrichten, No. 1691). He com- 
pared the spectrum of the star, using a narrow slit, with the brightness of sodium and 
oarbon. The line nuirked D he found to be coincident with that of sodium. The less 
refrangible boundary of the first of the three principal bright bands in the spectrum 
of carbon is nearly coincident with the beginning of the first group of dark lines ; the 
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Besides these four principal types, there are other groups of 
stars deserving particular notice. To these belong, for instance, 
the stars composing the constellation of Orion, which from the 
fineness of their spectrum lines ought to be classed under the 
second type, but which are also remarkable for the almost entire 
absence of the red and the yellow.* All the stars in this portion 
of the heavens are marked by a twofold character : they have all 
a very decided green color, and the lines of their spectra are so 
fine as to be often difficult to distinguish. Tlie region of Cetus 
and Eridanus, on the contrary, is remarkable for the great number 
of yellow stars. It cannot be conceived that such a. distribution 
and grouping of stars is merely the effect of chance ; it is more 
reasonable to suppose that it depends upon the nature and condi- 
tion of the substance with which the various parts of the universe 
are filled. 

A remarkable exception to the four types above mentioned 
is formed by a few stars which present a direct spectrum of hy- 
drogen, and may be classed, after Secchi's example, under a fifth 
type. The most remarkable star of this class is 7 Cassiopeise, in 
the spectrum of which, according to Huggins's measurements, the 
bright lines H a (red), and H /8 (greenish blue), are visible in 
the places of the dark lines and F, besides a bright line in the 

eeooDd of the carbon bands is less refrangible than the second group in the star; the 
third band of the carbon spectrum falls on the bright space between the second and 
third group of dark lines in the spectrum of the star. The absorption bands are there- 




fore not due to carbon. There is a strong Une about the position of C, but this part 
of the spectrum is too faint to permit of comparison or micrometric measurement 
The comparative relative freedom of the red part of the spectrum from darl^ lines is 
in accordance with the predominance of this color in the star's light] 

* [There must be some mistal^e here, as the principal stars of Orion contain the 
Ted and yellow parts in their spectra.] 
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yellow apparently coincident with D,* (Fig. 140). SimibEr spec- 
tra have been observed in the variable star /8 Lyr», in % Argo, 
in the spectrum of which Le Sueur with the Great Melbourne 
Telescope saw the lines C, ft, F, a yellow line near to D (D, J), 
and the most intense of the nitrogen .lines as bright lines ; the 
same phenomena were also observed in two temporary stars, of 
which more will be said in § 65. 

From all these observations it may be concluded that at least 
the brightest stars have a physical constitution similar to that of 
our sun. Their light radiates, like that of the sun, from matter 
in a state of intense incandescence, and passes in like manner 
through an atmosphere of absorptive vapors. Notwithstanding 
this general conformity of structure, there is yet a great differ- 
ence in the constitution of individual stars ; the grouping of the 
various elements is peculiar and characteristic for each star, and 
we must suppose that even these individual peculiarities are in 
necessary accordance with the special object of the star's exist- 
ence, and its adaptation to the animal life of the planetary 
worlds by which it is surrounded. 

63. Color of the Stabs. — Double Stars and their Spectra. 

In a transparent atmosphere, especially in a southern dime, 
the stars do not all appear with the white brilliancy of the dia- 
mond: here and there the eye discovers richly-colored gems, 
sparkling on the sombre robe of night in every shade of red, 
green, blue, and violet; and the astronomer, enabled by his 
powerftil telescope to investigate the faintest objects, is lost in 
wonder over the variety of these colors, and their remarkable 
distribution in the starry heavens. This play of color is most 
conspicuous in the dcmble starsy so called from their consisting of 
two or more suns kept together by the bond of mutual attrac- 
tion, and revolving in orbits according to their mass, either one 
around the other or both round a common centre of gravity. 
To the naked eye their appearance is that of a single star, on ac- 
count of their close proximity, but on the application of sufficient 
magnifying power they are found to be constituted of three, four, 
or more suns in intimate connection : such a system is to be 
found in the beautiftil constellation of Orion (in the Sword), con- 

* [The presence of a bright line in the yellow is not certain.] 
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•sisting of sixteen stars, where to the unassisted eye there seems 
•but one. In several of these double stars, the number of which 
already exceeds 6,000, it has been possible to calculate the time 
of revolution of the small star : the period of one in the Great 
Bear has been found to be 60 years,. of another in Virgo 513 
years, and of 7 Leonis 1,200 years. 

A peculiar interest attaches to double stars from their great 
diversity of color, which occasioned Sir John Herschel to remark, 
in describing a cluster in the Southern Cross, that it resembled a 
splendid ornament composed of the richest jewels. While the 
majority of single stars shine with a white light, but sometimes 
with a yellow, and even occasionally with a red hue, in double 
stars the companion is almost always blue, green, or red, thus 
contrasting with the white light of the larger or central star. 

It has long been a subject of inquiry whence these colors 
arise. It has been supposed that they were complementary col- 
ors, and therefore that they weite not inherent in the stars, but 
dependent on an optical illusion similar to that produced by 
looking upon a white wall immediately after gazing at the sun, 
when the waU appears covered with violet spots. But the simple 
expedient of covering the central star in the telescope suflSces to 
show the incorrectness of this supposition, for the color of the 
small star remains unaffected by its separation from the light of 
the larger one. Zollner, to whom we are indebted for a master- 
ly work on light and the physical constitution of the heavenly 
bodies, w^as the first to express the idea that as all known sub- 
stances, in their transition from a state of incandescence to that 
•of a lower temperature, pass through the stage of red heat, so the 
fixed stars in their process of development from the condition of 
glowing gas through the period of an incandescent liquid state, 
and the subsequent development of floating scoriae, or gradual 
formation of a cold non-luminous surface, must, together with 
the gradual diminution of their light, be also subject to a change 
of color. .For many colored stars, especially for the so-called 
nefw stars in which the color has been known to sink in the scale 
from white to yellow and to red, this conjecture of Zollner's has 
.a high degree of probability ; but that other circumstances must 
exercise an influence also on the color of stars is proved by a 
change of color having been observed to take place in the oppo- 
«te direction — ^that is, from red to white — of which, among other 
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aters, we have an example in Su-xiu, regarded bjr] 
a red star, and which is uo^v c^onsidercd as a ty^ 
stars, as well as in Capella, wliieh formerly wa< 
sliines with a pale-blue liglit. XXiigging and 1| 
covered by means of the speetrosoope that the col 
only depends upon the degree of incandescenoel 
hot liquid or solid nucleus, bat also upon the kini 
power itB atmosphere may exert upon the light i 
glowing nucleus. ] 

A8 the source of steUar light, remarks HugJ 
t soUd .r l.<,u.d, natter (Kirchljoff), it app^ 

1 he colon, in which we eee tliena miiBt thereftd 

by certain changes which the li^ht l»«l "/ , 

rion. It i8 further obvious thafij t^ ««d«rgon«5 

more nume«.„s or more stron^,/^^^^td ^*^^°J 

spectmra than in others, theu tiZ ^ ,. "' ^^ 

will be subdued in tone, aud in 1,^^*"^'*'" ''^'H 

weaker than in those paA^ZftL T^ f^**' ""'^ «H 

lines are much less n«^er«,« *''?|S[*.^*^*':"'" ^^H 

-would be partially extinguished r^^ A" *^'« ^»J^ 

•ng colon,, being .maffeeSd h^„m°'° *i« «P«<^t™5 

own tints to the originaJlv whi.TI- I"^<^"n"nate, i 

^ The spectrum of &Viu8, W«I'^^* ?^ *^« «*«'• 

beautift,! «,A*-^ .tars, is S"en7r*i^^ ^'"^''^ « <^ 

PecM, the spectm of th J^Tter- '^^ '^^- -^s j 

of any gro„^ of intensrabfo^t'*^ -e."^'-'^«W« «^ 

which traverse the colored apeS^'"*" . ^««<*«- TU 

with a single exception L^yT\' •l''""^'' ^^^T 3 

«« e«.«dinglj. finJ and deS l^fw"^"*^ <»-«; 3 

^« original whiteness of theTil^t * ''^^'^ *^«^ 
o! fouretrong single dark «„£ ^^® ««« exceJ 

star. th« ,«.^.. -' >tr«^.'?.:^^'» *W of an o J 



Jtar, the largest of the trst":? "'*' *'*««^ ^^ »- o J 
Hoi which a drawing bv*^„«>.'"Pr"»& the g^'S 
diiference between this eS.. ^^™ ** given ST^Si 
«t a gl-ace; for the g^UrW^'" 'JV**"* ^^ ^^^U} 

' "*' "»*' «^e» the red ooi 
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Bpectrum are subdued by groups of intensely As^:m. 
the orange and yellow rays preserve nearly theiKr 
sity, and therefore predominate in the light of tlmji 

After conquering many difficulties, Hu^ins 
tained the same results from the observation of ar i 
double star. Fig. 179 shows the two spectra of 
double star /3 Cygni. In a large telescope the colo 
stars contrast very beautiftdly ; the lower spectrum^ 



ide, wirilo 
Lai inton.- 






. * t^eJeseopi o 
9 «2jat; of tLLi.^ 



orange star, the upper that of its faint but beaxifci:^=k:«.II. "bJue coi 
panion. In the orange star the dark lines are o~Ez>j^^x*a^ocI to 1>^ 
most intense, and most closely grouped in the 1>I^k:x.^^ ^xlcI ^ol^^ 
parts of the spectrum; the orange, therefore, whic^liM. :£j3 oozapa^x-i^t^ 
tively free from these bands, gives the predominaxx^^ ^i^olox- to 'tliM.^r^ 

Fio. 178. 







^-l^s^z^ 



^*Tfc>t^ioxi 



j3pe«(nua of tba Stu- A of a H^icciJts. 



light. In the delicate blue companion the strong^j 
lines are to be found in the yellow, orange, and pai--^^ 
so that it is to be expected that blue should predomi:- 
light of this star, and that we should see it of the Ix^ 
by the mingling of those colors which are left after tlx ^ 
of the above-mentioned rays from the white light. 

The colors of the stars are, therefore, without _ ^ 
duced by the vapors of certain substances containecS. Xxi* -^^'^^ 'X^'X^o- 
mosphere ; and as the chemical constitution of the ^^-fc:»-fc-^^^^^^^^*^ stt.- 
of a star depends upon the elements of which th^ ^a'fc^ ^^^I^^fc^^x*^ 
composed, and upon its temperature, it would be Pc:^i^^j-|^^^^ ^^^**^^^"\f ^ 
certain the chief constituents of these small telescoj>:S^^ -^at^ ^^^ "fc^:> ^, 
the position of the dark absorption lines could b^ ^i^-*^^^^^^^'^^^^ •^ 
with accuracy, or if these lines could be compared 'W'i-f^j-^ -*.^^^^^'"^^^^fc^ir^ ^^ 
trum lines of terrestrial elements. ^^^^^^^^^ «^- ^^O. 

64. Yabiable Stabs. 



Among the fixed stars there are several which vai?y- 
to time in brightness as compared with neighboring i^ 
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light increase, or ^^fl^l\Tt^tUof^nin.^tni.^ 
the brilUancy even ^\^.f%!^^^^ of brigl't-vese taV«. ] 

constant, very slow nml rejj»' «^ . ^^^,^,e and deerea« 
there appears an almost sudden _^ 




Bpc<rtm«ftlieCoinpao*^nt Stars (if tli*-' »> 





uTi!*- SLif lyifnl- 



gidarly 1^^ periods. The j^^m^mH of varmbdl 



fo?e "the time fki>mii- between tlie two sneccssivt 
greatest brillmucy. The following teble Bbowsthej 
bibited by variable stars of tliis lattei- order : 



period d 



4 MagiaiiiidQ. 
11 « 

UTider 14 

lO.u " 

4 M 



(?) 
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331-3364 
S.SII7 



Of all variable star&j Mira Ceti m i>erhaps tlie lu 
ing, since at its raaximiiin brightngss it equals a ©t 
-or 6€cood magnitude. Scarcely less i n teres tio^ 
whiub for two days tbirteeii hours and a lialf slxi 
briglitnesB of ft etar of the second niagnitude, then 
creasef^ in light, and sinks down in three hours arfc 
star of the fourth magnitude; its light theix a^aiti in^ 
in a similar period of three hours and a lialf regairiLSi 
brilliancy- All these changes vccur regularly in tl^ 
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less than three days, during which the star ab 

to the naked eye. 

Whence comes this variation in the light 

with great acuteness, and supported by num. 
of these changes of brightness, of ers a sunple 
explanation in supposing the cause to lie 
and distribution of dark masses of scori» whicliM- 
hot liquid body of the star in the process of cm::>^ 
in consequence of the star's rotation on its axis^ ^ 
gal force thus arising, would take certain defirm i^fc 
surface of the star in a manner analogous to 
observed with floating icebergs on our earth, 
of this peculiar relative motion, the dark masses 
arrange themselves in a fixed order, and woo. 
surface of the star an unequal distribution of zbt^-^ 
matter, and accumulations of non-luminous sc^c:^ 
distribution to assume the form depicted by Z^U 
and the bright liquid mass flowing in the direction 



cmains visible 




_ observation, s 
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c^onfigupatioxi 
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^ and whioii., 
<J -fclie centr£f\x- 
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.±^ sooriae would 
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— laiot; luminous 
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Variability of a Star aooording to ZOUner. 

a and &, or against that of the star's axial rotation, 
ner of the polar streams of our earth, to become »-(;<: 
courie by the bank of scorise, then the change in X^t^^ 
of the light coming to us from this star, and the p^: 
rence with every revohition on its axis, would in ncfc^ 
easily accounted for. Others think, on the contrary-, 
art and Klinkerfues, that the variable stars are very cX 
stars, and that the one in revolution, whether it be s^ 
24 
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red-bot fluid mass, woixld oc«»_- 



„rayet incnacBceiit gaseox,*- ^^^Z^ either a partial eclipse or 
on,'m P«--g r%t%r "STl^^M-hasnotuBfreq^entl^ 

happen, in our own V^^-'^^'^^^^^"^^^ difterent theories bave 
It ia inetnictive to coueidcrw^ow^iiu^ ^^^ periodic cliange 



, change in its physical 



been nffected by spectrum *^^™^^ ' ^^ j, change in its poj.«.-.' 
the brigMncs. of a Btar be --^"^^^ ^ark and opaqiae body, 
constitution, or by the l^^^'^o^xtxOT oi ^^ i^ix^ous, he 

.urronnded by an ab.ori>tive ^^^<>^^ ^^,ting of an neces^ 
l>arent by an .Iteration in '}'-^ .^^^"^^^ at^he time of 
iion of absorption lines principally noticeaDie 

nihiimum brightness. li^r-n^^ Iio^va riven much time to 

Secchi,Hnd HngginB, and MiU^, *1^^,%JJ'^^^^ 
inveBtigatioHB of this naUire and tho laBt two objrve^ 
tliat in the .pcctrum of Betelgeux C^ ^™'''^)' -^'^-irJliSe^ a 
rZy^imn -.h^n rlie Btar was at its ^^^^ ^^^^^'ad 
^;>i of dk bands wa. mi.sing, the precise pl^ce of whichhad 
Keen deternuned with ^^-eat care two years before (in ^^g- \^^^ 
Nu- 10<59.5 of the icale, bordered by a dark bne). Seccm na 
iiUo Tiutlced Llmnget^ in a dark line in the spectrum ot the sam 
Htar duiiijg a diminution of brightness ; but these observation 
are yet too few and isolated for any conclusion to be deducea 
from them ae to the correctness of either af the foregoing hy- 
potheses. .» 
It hae recently been remarked by Secchi that the spectrum oi 
the nucleus of a solar spot (Fig. 108) bears a close resemblanpe 
ro tliat given by several red stars, such as ce, Orionis, Antares, 
Alciebaran, o Ceti, A series of dark bands and stripes as repre- 
tsented in the spectnini of a Orionis, given in the loiw^er part ot 
Fig- 175, No. 2,* are present equally in the spectnnn of a solar 
spot as in the spectra of the above-named red stars, which leads 
to the supposition that the red color of these 8ta.i-s arises from the 
same cause that produces the absorption bands iri 'the spectrum 
of the solar ^pot. As nearly all these stars are variable, it ft uot 
improbable that they are also subject to spots vT-hich ocjcur with a 

* [The dark fihadin}; in Btigigin^'a diagram referred to in tlie t^iLt^ ^ ving the ap* 
pc&T&tice of bands, is Iiita^nded to represent groups of fine lines. TtkG spectrum of 
thii^ star does not contain btood llnoa or bands when observed iw^th & suita.ble spectro* 
«copt] 
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certain degree of regularity, as the solar spots have been proved 
to do. The period of variability in the light would then depend 
upon the period of the formation of the spots, in the same way 
as our sun appears as a variable star, of which the period of va- * 
nation in the light coincides with the regular recurrence of tlie 
spots. 

65. New or Temporary Stars. 

Among the variable stars must also be reckoned those which 
from time to time, but only at exceedingly long intervals, have 
suddenly flamed forth in the sky and disappeared again after a 
longer or shorter interval, and which always excite the greatest 
wonder and interest, not only from the rarity of their appear- 
ance, but also from the mighty revolutions in space which they 
announce. According to Humboldt, only twenty-one such stars 
have been recorded in the space of 2,000 years, from 134 
B. 0- to 1848 A. D., the most remarkable of which was that ob- 
served by Tycho Brahe (1572) in CassiopeisB, which surpassed 
both Sirius and Jupiter, and even rivalled Venus in brilliancy, 
but disappeared after seventeen months, without leaving a trace 
visible to the naked eye ; * and that seen by Kepler (1604) in the 
right foot of Ophiuchus, which excelled Jupiter but did not quite 
equal Venus in brightness, and at the end of fifteen months was 
visible only by means of the telescope. Two similar stars which 
have appeared in recent times, one observed by Hind in 1848, 
and another seen in the Northern Crown in 1866, though they 
soon lost their ephemeral glory, still continue visible as stars of 
the tenth and ninth magnitude. A characteristic peculiarity of 
these temporary stars is that they nearly all flash out at once 
with a degree of brilliancy exceeding in some cases even stars of 
the first magnitude, afid that they have not been observed, at 
least with the naked eye, to increase gradually in brightness. 

Are we to suppose that these so-called nem stars are really 
new creations, as Tycho Brahe believed, and that those that have 
disappeared are really annihilated or burnt out ? Can we sup- 
pose, with Riccioli, that these heavenly bodies are luminous only 
on one side, which by a sudden semi-revolution the Creator at 
the appointed time has turned toward us % The first supposition 
has been set aside by later observations, which have shown by 

* The telescope was not mveiited until thirty-seyen years after this date. 
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the help of maps that a small star had already existed precisely 
in the place where the new star burst forth ; the other view is 
too absurd to deserve in these days any Airther consideration. 
• The star observed by Tycho, as well as that one seen by Kepler, 
is stiU visible ; (^according to Argelander, the position of the 
first in 1865 was KA. 4h. 19m. 57.7s. ; and N.D. 63^ 23' 55^; 
and that of the second, according to Schonfeld, was in 1855 S.A. 
17h. 21m. 57s., with a yearly variation of + 3.586s., S.D. 
21^ 21' 2^^, with a yearly variation of— 0.055s/) If, therefore, 
the sudden bursting forth of a star in the heavens does not 
denote the creation of a new star, nor its gradual disappearance 
indicate its complete annihilation, we may well suppose that both 
phenomena are the successive eflfects of a violent outbreak of 
fire taking place in the star either in the form of an eruption of 
the internal red-hot liquid matter, and its suflSision over the sur- 
face, or of the ignition of gigantic streams of gas forcing their 
way from the interior. While such an occurrence would raise 
the star to a state of extreme incandescence, and cause it to emit 
an intense light for some time, the cooling subsequent to this 
combustion would ensue more or less rapidly, and the brightness 
consequently diminish in quick progression, until in certain con- 
ditions the star would cease to be visible. 

Fortunately for science, such an occurrence has taken place 
since spectrum analysis has been so successfully applied to the 
examination of the heavenly bodies. ' On the night of the 12th 
of May, 1866, a new star, brighter than one of the second mag- 
nitude, was observed at Tuam, by Mr. John Birmingham, in the 
constellation Corona Borealis. On the following night it was 
seen by the French engineer Courbebaisse at Bochefort, and was 
observed a few hours earlier at Athens by the astronomer Julius 
Schmidt, who expressly declares that the new star could not have 
been visible before eleven o'clock on the night of the 12th of 
May, as he had been observing with his comet-seeker the star R 
Coronse, and, while sweeping for some time in its neighborhood 
for meteors, could not have £a.iled to notice the new star if it had 
been then visible. On the same night (13th of May), the light 
of the star sensibly decreased, and by the 16th of May it had 
become only of the fourth magnitude. Its brightness then 
waned somewhat rapidly ; it decreased from 4.9 on the 17th to 
5.8 on the 18th, and from 5.7 on the 19th to 6.2 on the 20th, till 
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by the end of the month it had become a star of the ninth mag- 
nitude. 

That the star was not a new one was pointed out by Schmidt, 
who found it marked in Argelander's " Durchmusterung des 
nordlichen Himmels" as No. 2,765 in + 25® declination. Ar- 
gelander had observed the star on the 18th of "MaJj 1855, and on 
the Slst of March, 1856, and on both occasions had classed the 
star as between the ninth and tenth magnitudes.* 

Huggins was informed by Birmingham of his discovery on 
the 14th of May, and was thus enabled on the 15th inst., in con- 
junction with Miller, to examine the spectrum of this star when 
it had not fallen much below the third magnitude. The result 
of this investigation is as follows : 

The spectrum of the star was very remarkable, and showed 
clearly that there were two distinct sources of light, each pro- 
ducing a separate spectrum. The compound spectrum (Fig. 181) 
is seen evidently to be composed of two independent spectra 
supeiTposed ; the one is a continuous spectrum crossed by dark 
lines similar to that given by the sun and other stars ; while the 
other consists of four bright lines, which from their great brill- 
iancy stand in bold relief upon the dark background of the first 
spectrum. 

The principal spectrum traversed by dark lines shows the 
presence of a photosphere of incandescent matter probably solid 
or liquid, which is surrounded by an atmosphere of cooler vapors, 
giving rise by absorption to the dark lines. This absorption 
spectrum contains two strong dark bands of less refrangibility 
than the D-line of the solar spectrum ; a group of fine lines 
stretches from them close up to D, while one fine line is quite 
coincident with D. Up to this point the constitution of this 
object is analogous to that of the sun and the stars ; but the star 
has also a spectrum consisting of bright lines, •which denotes the 

* lir. Barker, of London, Canada WeRt, who announced in the Canada Free Preu 
that he had observed a new star in Corona of the third magnitude on the 14th of May, 
now affirms, in a letter to Mr. Hind, that he had seen this star from the 4th of May, 
and that it had increased in brilliancy up to the 10th of May, from which tune its light 
began to decline.f 

t [Mr. Stone, now her Mi^ty's Astron<Hner at the Gape of Good Hope, stated m the result of a 
carelU investigation of Mr. Barker's annoiuioement : *" I bare not tlie sttgbtest heeiUtkn In stating that, 
In my opinion, Mr. Barker's obaeryatioaa provions to those made on May 14th are not entitled to the 
slightest credit"— ''Mionthly Notices, Boyal Astronomical Society," yol. xzylL, p. 60.] 
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presence of a second source of light, which from the nature of 
the spectrum (p. 75) is undoubtedly an intensely luminous gas- 

Huggins compared the spectrum of the star on the 17tb ot 
May with the spectrum of hydrogen gas produced by means of 
the induction spark through a Geissler's tube, and found that the 
strongest of the stellar lines 2 was coincident with the greenish- 
blue line (H ^, Frontispiece No. 7) of hydrogen gas. Apparently, 



Frn. 181. 




Spectrum of the Temporary Star T C orooas BoreaUA.— (May 15, 1866.) 



also, the line 1 in the red coincided with the H a line of hydro- 
gen, but, owing to the want of brilliancy of the line, the coin- 
cidence-could not be ascertained with the same degree of certainty. 
The great brilliancy of these lines, compared with the parts of 
the continuous spectrum where they occur, proves that the lu- 
minous gas was at a higher temperature than the photosphere ot 
the star. 

/ These facts, taken in connection with the suddenness of the 
outburst of light in the star, and the immediate very rapid decline 
in its brightness from the second down to the eigBth magnitude, 
have led to the hypothesis abeady alluded to, that in consequence 
of some internal convulsion enormous quantities of hydrogen and 
other gases were evolved, which in combining with some other 
elements ignited on the surface of the star, and thus enveloped 
the whole body suddenly in a sheet of flame. The ignited hy- 
drogen gas in its qpmbination with some other element produced 
the light characterized by the two bright bands in the red and 
green ; the remaining bright lines, among which those of oxygen 
might have been expected, were not coincident with any of the 
lines of this gas. The burning hydrogen gas must also have 
greatly increased the heat of the solid matter of the photosphere, 
and brought it into a state of more intense incandescence and 
luminosity, which may explain how the formerly faint star could 
80 suddei]Jy assume sudi remarkable brilliancy. As the liberated 
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hydrogen gas became exhausted, the flame gradually abated, and 
with the consequent cooling the photosphere became less vivid, 
and the star returned to its original condition./ 

Against this hypothesis it has been justly advanced that a 
sudden development of hydrogen in quantities sufficient to occa- 
sion the phenomenon of the outburst of a star is a very unlikely 
occurrence. To which it may be added that the spectrum given 
by the star was not that of hu/rm/ng but of hmimous hydrogen.* 
Robert Meyer and H. J. Klein have, therefore, expressed .the 
opinion that the sudden blazing out of a star might be occasioned 
by the violent precipitation of some great mass, perhaps of a 
planet, upon a fixed star, by which the momentum of the falling 
mass would be changed into molecular motion, or in other words 
into heat and light. It might even be supposed that the star in 
Corona, through its motion in space, may have come in contact 
with one of the nebulae (§ 67), which traverse in great numbers 
the realms of space in every direction, and which from their 
gaseous condition must possess a high temperature. Such vl 
collision would necessarily set the star on a blaze, and occasion 
the most vehement ignition of its hydrogen. 

Eayet and Wolf, who examined the star with a large tele- 
spectroscope on the 20th of May, when between the fifth and sixth 
magnitude, confirmed Huggins's observations, and in their report 
to Leverrier expressed their independent opinion that the new 
star owed its brilliancy mainly to burning (?) gases. This brill- 
iancy, as was to be expected, decreased fiEtster than the light of 
the burning gas ; when there was scarcely any trace remaining 



* [The spectrum of inte&Belj heated hydrogen would be the same whatever the 
nature of the source of the heat. The suggestion of combustion being pombiy present 
was made in consequence of other bright lines seen in the spectrum of the star. We 
now tmow that the sun is surrounded by luminous hydrogen, and therefore bright 
lines similar to those seen in this star are always present in the solar spectrum. As 
these lines are fiunt as compared with the great intensity of the solar photosphere, they 
do but render less dark the Fraunhofer lines C and F, and are not ordinarily seen as 
bright lines. If we look at the dark part of a solar spot where the dimini^ed light 
of the photosphere is not able to overpower that of the hydrOgen, these bright lines 
may become visible. Hence in the star in Corona the surrounding hydrogen must 
have have had a great intensity relatively to the brightness of the photosphere. We 
now know that a similar state of things appears to be permanent, or at least of not a 
very temporary character, in y Cassiopeia and a few other stars. It seems upon the 
whole probable that the so-called new stars may be but extreme instances of the 
periodical variation of light which we observe in a large number of stars.] 
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in the spectroscope of the oontinuoiis spectrum given by the 
photosphere, the fonr bright lines were still quite brilliant.* 

It must not be forgotten that light, though an extremely quick 
messenger, yet occupies a certain time in coming to us from a 
star. The speed of light is 185,000 miles in a second ; the dis- 
tance of the nearest fixed star (a Centauri) is about sixteen billion 
miles, so tha{ light takes about three years to travel from this 
star to us. . The great physical convulsion which was observed 
in the star in Corona in die year 1866 was therefore an event 
which had reaUy taken place long before that period, at a time 
no doubt when spectrum analysis, to which we are indebted for 
the information we obtained on the subject, was yet quite un- 
known. 

Secchi has recently discovered, while examining spectroscopic 
cally the variable star B Geminorum, that its spectrum showed 
bright hydrogen lines just as they a])peared in the spectrum of 
the new star T Goronae. The star gave besides other bright 
bands, the most important of which coincide with the dark bands 
in the spectrum of a Ononis : one group lies in the green (J), and 
is probably due to magnesium, while another is in the yellow, 
and appears to be either the sodium D-lineor else the new bright 
line D, of the solar prominences (p. 275). The observations 
were made when the star had reached its maximum brightness 
(somewhat above the seventh magnitude) : the great interest 
which attaches to this phenomenon, especially to the appearance 
of the same bright lines that characterize the solar prominences, 
leads us to hope that these observations may be prosecuted during 
the period of variability so long as the strength of the light will 
permit. ( Vide p. 350.) 



66. Influence of the Proper Motion of the Stars in Space 
UPON their Spectra. 

In § 58 the principle was unfolded which, in its application to 
spectrum analysis^ enables us, under certain circumstances, to de- 
termine, by the displacement of the spectrum lines of a star, wheth- 
er it be approaching us or receding from us, and at what speed it 
is moving in space. It was shown that the displacement of one 

* [This was Bot the case in the obseiration of the editor ; he was able to see the 
oontmuous spectrum when the bright lines could be scarcely distinguished.] 
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of the spectmm lines toward the violet indicated that the wave- 
length had been shortened in its passage to the earth, and there- 
fore that the star was approaching us; a displacement toward 
the red showed, on the contrary, that the ether-waves had been 
lengthened, and that the star was therefore receding from the 
earth. , 

Secchi, who was the first to enter on this kind of investiga- 
tion, directed his telescope to Sirius, and placed the prism of the 
spectroscope so that the dark F-line was exactly coincident with 
the direct image of the star : he then turned his instrument to 
another fixed star of the same type in which the F-line was also 
visible, and observed it narrowly to ascertain whether this line 
were also coincident, or showed some displacement. His instru- 
ment did not, however, prove adequate to such delicate observa- 
tions, and the results obtained were not decisive. 

By the aid of more delicate instruments, and an apparatus 
better adapted for such measurements, Huggins instituted some 
very complete investigations on this subject.* By a series of 
preliminary observations he first established that a strongly- 
marked dark line in the spectrum of Sirius (Fig. 177) was the 
hydrogen line H /S.f For this purpose he compared the dark 
line of Sirius in the usual way with the H /8 line of the hydrogen 
spectrum formed from a Geissler's tube, which is coincident with 
the Frannhofer F-line of the solar spectrum, and also with the 
H P line of hydrogen when under atmospheric pressure. Fig. 182 
shows the position of these three lines in relation to each other 
and to the line in Sirius. While the comparison lines coincide 
exactly, the lirie m Sirius is displaced a UMe toward the red. As 
this line in Sirius appears broader than the bright hydrogen line 
H)9, which is always the case with this line when the gas is sub- 
jected to some pressure, it became of importance to determine 
whether the expansion of the hydrogen line HP under pressure 



* [Huggins's obBerratioiiB, communioated to the Royal Society in April, 1868, were 
made quite independently, during 1867 and the spring of 1868, and nearly completed, 
before the statement of Secchi^s work in the same direction was made public in March, 
1868.] 

\ [That the line in ffirius belongs to hydrogen was shown by the observation that 
it is one of three strong lines which in a spectroscope of moderate power appear to be 
exactly coincident with the principal lines of hydrogen. It was only when a much more 
powerful spectroscope was brought to bear upon the star that the slight displacement 
described in the text was detected.] 
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o^ease in the wa/ve4mgth of 0.109 (or 0.15) 3:3r:^iXlioi:i.-fcli. of a milli 

metre. If the velocity of light be taken to 1=>^ i ^.S^OOO miles in 
a Becond, and the wave-length of the light ^^t^ -fcli.^3 line F to bo 
486.50 millionths of a millimetre, then the obs^nr'-^^-^xa. <iiBplacemeiit 
of the line in Sinus indicates a recession of Siari-mj.^ :fi:-oxii tlie eartli 
at the rate of "^^^^^ or 41.4 miles in a Bec»i^<a. 

The earth has evidently some share in tytM.^ :MT^m^^^>±^dty of this 
motion. In the yearly circuit round the snii_^ tljL^^ <airectioii of 
the earth's motion changes every instant, and tlx^x-^ ^m^zmr^ two points 
in the orbit separated 180° one from another, ix^ ^v«^i:^i<3li the direc- 
tion of motion coincides with the line of sigh.-fc :^^<^^^mrMr^ Sirins. In 
the one place the earth is approaching the star, ±:a-m^ -fc^fci^e other it is 
receding from it : while, in the two other poirxtis <i:^tt* -fcTie orbit 90® 
from the former positions, the earth's motiou is «,-fc zmr-^ ^^t angles to 
the star's line of sight, and has therefore no in:a-^3» ^^sfc^Br:^ cse on tlie re- 
frangibility of the rays. ^ 

At the time that Huggins made these db&Gtzmr- --^^^i^tionB on the 
line in Sirius, the earth was moving in her coim-s^^ ,^^,-^^^^y from the 
star at the rate of 12 miles in a second ; there r&:g=mzm. ^3^^^ ^c^^g therefore 
for the proper motion of Sirius a movement of" ^^^^^tfeession fr ' 
the earth amounting to 29.4 miles in a second."*^ ^^ 

Similar observations to those on Sirius vcrex-^^ ^t^--ftemt>t#akH Vv 

Huggins on a Canis Minoris, Castor, Betelgenx, — ^^^^Ti<i«b 
some other bright stars ; but, in consideratioxx ^:z^^^^ -^-. ^^^n, and 
delicacy of the investigations, and the few oppox-fc-^^^zKr^^^-j^- ^ ®^^^"^^^e 
by this climate of a sky of sufficient purity, this ^:^^^*z»:-^S?f ^*^^^ed 
thinks it desirable to repeat the observations bo-fV^-^^,^^ . . observer 

totheworld.t ^^n^ them 

When it is remembered that, by employing tlx^^ zar-^^ 
ber of prisms for producing a sufficiently long ^"t^^^Il^^,^^^®^*^ iiuni* 



the light is so much weakened that an exact co:».:*z^-»-^ . ^I^^^tniin 

dark lines of the stellar spectrum with the bri^lz^-^ -j^ . ^*^son of the 
restrial element is rendered extremely difficult 5 ^^-^»::m -^'^^^ ^f a ter- 
further borne in mind that many dark lines in "fclfc^^^ "^^heri it Jo 

trum are ill defined at the edges, and often, like *i:^^^ :;^^^3^*^^ spec^ 
spectrum of Sirius, somewhat weak and of ^a^y^i^:^.^^ -e^''^*^^ in thJl 

• [If the probable advance of the aun in space be taken in«^o -^^ ^^ ^-^^li^ "^r^ 

of ffiritts would be reduced to about 26 nules.] - "^"^^^^xm.^ ^^^ 

f [The neceesary spectrum apparatus is not yet completed <<>.^^ ,^^ '"^^^tiot^ 

these observations with the larger telescope now at his commanci^ j * ^ ^^^^^*^i»iii 
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between the Bonrce of ligbt and the observ^zr -fco duange at the 
rate of sixteen nules in a second (the mean ^^l<^c5i*ry- of our earth), 
it would occasion in ZoUner's mstrument a. <a.ii3x>l^<3eTneiit of tlxo 
spectrum lines amounting to one-fifth of tlx^ clijs'e^.xiee between 
the D-lines, a quantity nearly forty times gx-^^^-e^zE- -tlxan the sup- 
posed error of the instrument. 

The reversion spectroscope promises noi; ^:>'anLl^^ -fco remove an jr 
remaining doubts as to the displacement of tfa.^ <3L.^^:mrJsi lines being" 
the indication of motion in the heavenly t>o^<ii^^^^«- but also, as 
ZoUner has pointed out, to procure for u& xxxo^r^ «2^^rtain results 
concerning the speed of rotation of the sun, a.x:^<^ -fco^ separate tho 
lines of tte solar spectrum produced by tK« «i*"fc^ ia.<z^:MT)tion of tho 
earth's atmosphere from those originating in ±3=ml^^ ^-%jL.:n itself, since 
it is evident that such a displacement can oc^.^::^^^^MJiKr only in the 
latter. 

67. Spectra, of JSTEBULiE and Or^xr^^j^ -^^grr -^^^g 

We now come to treat of the remotest realxia.ja. ^^iz^f^ the universe 
those regions of stellar clusters and nebulae ^^i^^:m=m^^^^^ can only be 

reached by means of the most powerful teleso<z^3^^2^^^^^ When the 
starry heavens are viewed through a telescope of^ ^»=*=^«^ derate nowpi- 
a great number of stelkr clusters and faint ^^>=:..^-^T^^^ fo^ ^^; 
revealed against the dark background of the slsz^y- ^^'-^^Tiiich m ^tit 
taken at first sight for passing clouds, but ^^tm^i .^zsTfc:^ bv tll^ • 
changing forms and persistent appearance, are ^?»-=fc-.^z>^ed ± ^^ ^^' 
to the heavenly bodies, though possessing a ^=^^fc*-«.:ra t oblong 

differing from the point-like images of orcii^ar:^ ^^^^^^^ ^^^ widely 
William Herschel was able, with his gigantic *c>ik— fc^;y-_^ stars. gj^ 
to resolve many of these nebute into clusters ozC ^-^^ ^l^scope, 
them to consist of vast groups of individixa^X JS^i:x:n^' ^^^ fonnd. 

thousands of fixed stars may be clearly sepax-a^-fc^^^^ ^®' iii whicU 
• but which are so fiir removed from us that w^ ^^i*-.*:^ ^ ^nd connte<^ 

• [Afl two spectra 'have to be fonned from the light or ^ ^-^^^ P^T*- 

«ach spectrum wiU be' reduced to one-halC The reversion SF^^^sr^^^;.^^* *^« ^*^btk«» 
of value for the observation of bright objects, but it scapcs^X;^^ »^^^^^^ *>^^y beT^ ^^ 
adapted for stellar work. Zollner has succeeded with this msti«-^j^^^^^~^^^**s to be ^^^^ 

change of refrangibility due to the sun's rotations. He haa la.,^^..-^ ^z-^^*** *^ ^etec^^ ^^U 
form of the principle of reversion, which can be applied to ^^.^.-^ ^^^""^I^os^a a. ^^ ^^^ 

object-glass of the telescope of the spectroscope is divided, ^»:^^^ -^ ^^^^^^"^Osco*^^**^^^^*^ 
a right-angled prism is placed, which reverses the spectruna a^^^s^,^ *^ '^^X>nt; or 'J^H^ 
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or gradual formatiou of a cold and non-luDc^izKz^o 
earth and planets), and finally of complete geTa^^^o 
(the moon), or whether they exist as a copcM.;^>:i ^ t 
system of worlds; telescopes have only wi<i^i: 
and have neither shnplified nor solved its difla<3-«:i.l.-fci 
That which was beyond the power of tho :r:r:i_os^i 
scopes has been accomplished by that appai-^ztiL-fcX^ 
but really delicate, and almost infinitely serxsi-fc i-ig?-^ 
the spectroscope ; we are indebted to it for l>^i^Ki] 



;. surface (tlxo 

»xid torpiditjr 

a^Tid separate 

-tlie problem, 

gigantic tele- 
insignilicaii t, 

ixustrument 

^ able to say 




NorLb 



Central and inofit brilliant Portion of the Great Nebula in the Sword-handle ^ 
Sip John Hepflchel in Ms !W-foot Reflector at Feldhausen, Cape of GUxxS. 1^3 

with certainty that luminous nebute actually- ^^ 
bodies in space, and that these bodies are luminTci^-^j^ 
The splendid edifice already planned by Id«^ 
gemeinen Naturgeschichte und Theorie des laii:^:^ 
and erected by Laplace* forty-one years later-^ ;^ 

♦ Exposition dii Systeinc dii Monde. (17»^_ -^ 
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The largest and most irregular of all the 
the constellation of Orion (Figs. 183, 184). It ; 
below the three stars of second magnitude corxx^iz» 
part of that magnificent constellation, and is 
eye. It is extremely difficult to execute even, 
drawing of this nebula ; but it appears, fironci. 
ings made at different times, that a change is 
form and position of the brightest portions. IF*i 



rbxiXse is that in 
i.^ ^it^ii^tted rathei* 
e>^:ix:i.^* -fcbe central 
1>!1^ tio t;Iie naked 
-fcol^x-st,T>ljr correct 
"%r«rX*ioTxs draw- 
xx^ jc>Xace in the 
• H84r x-epresents 



Fi6. IM. 




Kel>iib of tiw Form of a S^Ue.— (H. 9m.) 



_«^olo 



the central and brightest part of the nebula. Fo 
forming a trapezium, are situated in it, one o^ 
visible to the naked eye. The nebula surroun 
has a flaky appearance, and is of a greenish-whit; 
portions form long curved streaks stretching otu^ 
manner from the middle and bright parts. 

Much less irregularity is apparent in the Si:"^^;^<f^ 
or Cape donds (Pig. 186), which are two nebulae ix^ -t>^ 
hemisphere, one of them exceeding by five tim< — 
25 



^s« Stars 
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The interest aroused by these irregular axx 
forms is still farther increased by the pheiro 
or convoluted nebulcB with which the gian-fc 
Eosse and Mr. Bond have made us furtheir 
rule, there Streams out from one or more 



<»bsi^3ldo nebnlonfi 

^xx^ft' of tlie spiral 

'fc.^l^usco J308 of Lord 
Bi.<343,^n^^ixM.t;od. As a 

of liirQinoii& 



Fig. 189. 



^f#>>1).^*' 



TVaositioii from the Spiral to tbe Anirabr Forkk. 



matter innumerable curved nebulous streaks, 
the centre in a spiral form, and finally lose th^ 
Kg. 186 represents a nebula in the form of a. 






:irocede from 
^^« in space. 
^ or comet- 



FiQ. 190. 




AnDular Nebula In Lyra. 



tail (Herschel, No. 3239), Fig. 187 a complete si>; 
and Fig. 188 the most remarkable of all the spirc^j 
ated in the constellation Oanes Venatici (H. 1622), 
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various forms. In Fig. 191 a repreflentation. ijs 
pound annular nebula (H. 854), with very- 
bright nucleus. 

Fra. 198. 



oxi of a com— 
o lings and. 




BDiptloAl Annular Nebok.— (H. 190».> 



According as the ring has its sur£EU3e or 
toward ud, or according as our line of sight is 
more or less obliquely inclined to the surface of 



Fig. 198. 




^^ turned 

^^^dicxOar or 

"^^^^y its form 




Elongated NeboIa^H. SOSl.) 



approaches that of a circle, a ring, an ellipse, o»r 
line. NebulflB of this latter kind are represented 



r "^ a 



»^"^! 
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a^r^ 



nebule: the first is surrounded by a system o:^ :Mr±M^^^B. like Saturn, 
with the thin edge turned toward us; the s^^z^oiKxd is a verital>lo 
star of the eighth magnitude, and is not HL^l:>-m3iJ.o'«:a.ej, but is siir^ 
rounded by a bright luminous atmosphere x>^^*^*^*«<^^fc3Ly concentric- 



Fig. 196. 




I 

il 



Planetary Nebula with two Stara.-<H. 883. > 

To the right of the star is a small dark space, sixol:^ 
in these nebul», indicating perhaps an openings i: 
ing atmosphere. 

Fio. 197. 



often occmg 
e Burronnd- 



LS>S. 




Plaaetary Annntor Nebuto with two 8tarfc-<H. 464.) 



We h»ve now passed in review all that is at 
of the nebuIfiB, so fer as their appearance and S, 
revealed by the largest- telescopes. The inforna^ 
nished by the spectroscope on this subject is c^: 
extensive, but is nevertheless of the greatest i 
the spectroscope has power to reveal the nature 
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is not a cluster of indiyidual, separable ats^j. aj^ t> 
gaseous nebula, a body of luminous gas. In £a,<:^-fc^ J 
could only be product by a substance in a a^^^^^^ 
of this nebula, therefore, was emitted neithex-* "t 
incandescent matter, nor by gases in a statd of 
as may be the case in the sun and stars, but; X>y 
a highly-rarefied condition. 

In order to discover the chemical nature of ^ 
followed the usual methods of comparison, &xi.d 
trum with the Fraunhofer lines oi the solai* ^J^ 
bright lines of terrestrial elements. A glance 
show at once the result of this investigation. " 



--fc is actually sl 
exgIh a spectnuiaL 
^ ^as ; the liglifc 
•olid nor liquid 
-erne density, 
.incus gas in. 

Sas, Suggins 
^^ted the speo- 
fcxmin, and the 

^ig. 202 will 
^xdghtest line 



Fio.209. 




Bpecitram of Kebala oomp&rcd with tb« 6uq lasA Bome Terrcsi 



(1) of the nebula coincides exactly with the bri^^ 

the spectrum of nitrogen, which is a double lixx.^Z"'^^^^^ line CN^ of 
of the nebular lines (3) also coincides with th^ "Vv^ • *-X71xe fetinte t 
drogen line H /8, or, which is the same things ^v^^-s^^^'~*^^*^^'*greexi \\ 
hofer line F in the solar spectrum. The mid^^j^^^**^^ "tlxo IPtmi. 
nebula was not found to coincide with any of t^Xx^ "i5^^^^^^^ C^^ o-P '^^ 
the thirty terrestrial elements with which it hiLi^ -■ "^-^Siit; l* ^ 

it lies not far from the barium line B a. but ^ .^^ ^^:k>^ c^^-^-^^^ ^® 

with it. ^ ^^^^S**^^^*' 

The question why the characteristic brigl:^^ ^ "^^^^deixt 

gases are not visible in the spectrum of th^ 



ii 



occupied the attention of Huggins ; and lateX^^ -^T^^^O. 
Lockyer, as well as Secchi, have devoted thenxi^^;* 
ject. It has been noticed by all these observer-j^^ 
tion of Secchi, that when a Geissler's tube, in. 
drogen or nitrogen has been made luminous by -t;!:^^ 
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Besides the spectrum containing these three bright lines, the 
nebula gave also a yery faint continuous spectrum (Fig. 201) of 
scarcely perceptible width, which from its nature could proceed 
only from the diffused light of a fftintly-glowing nucleus, either 
solid or liquid, or from faintly-luminous matter in the form of a 
cloud of solid or liquid particles. 

Ail planetary nebulsB yield the same spectrum ; the bright 
lines appear with considerable intensity in the spectroscope, and 
are of sufficient brilliancy to compare with the bright lines in the 
spectrum of a candle, although tiie nebulse may not be brighter 
in the heavens than stars of the ninth magnitude.* The reason 
of this is, that the light of the candle is spread out into a con- 
tinuous spectrum, while that of the nebula remains concentrated 
into a few lines ; the principle is identical with that by which the 
spectra of the solar prominences have been since observed in 
sunlight simultaneously with the greatly subdued spectrum of 
daylight (§57). 

During the years 1865 and 1866 more than sixty nebulso 
were examined by Huggms with the spectroscope, mainly with 
the intention of ascertaining whether those which were clearly 
resolvable by the telescope into a cluster of bright points gave a 
continuous spectrum, or one composed of bright lines. The ex- 
treme faintness of these objects, and the circumstance that inves- 
tigations of this kind can only be carried on during the absence 
of the moon in very clear nights, render spectroscopic observa- 
tions of these heavenly bodies exceedingly difficult, and the re- 
gen and nitrogen, when the intenaity ot th^ light was diminished In any way, as by 
the removal of the spark from the sHt, or by the interpoaition of screens of neatral- 
tint ^ass, the line in each gas coincident with one of the lines of the nebala was the 
last to disappear. At present we have no certain knowledge of the state of things in 
the nebnlsB, whether the yisibility of one line only of the gases composing them (in a 
few nebnls a second line of hydrogen near G is seen) is due to the diminntloii of 
their light by the imperfect transparency of interstellar space through which the li|^t 
has passed, or to their original feeUe luminoaity. By direct comparison with the 
B^t of a candle Hoggins found the mtrinsic brilliancy of nebula No. 4628 to be equal 
to Tihji of A® annular nebula in Lyra to ^jfm ancl of the Dumb-bell nebula to urivT 
of the intensity of the flame of a sperm-candle burning 160 grains per hour. These 
results would be affected by any hiterstellar absorption, should such exist] 

* [Thou^ the lines of the nebuhe are distinctly visible under fitvorable dreum* 
stances, the terrestrial lines to be compared with them tnust not be brilliant; when 
an induetioii spectra is used, the light has frequently to be dfanhiished hi faiteositj by 
a piece of neutral-tint glass.] 
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58 H. 
288 H. II. 
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I- 
I. 



The glass photographs which Hoggms has Ixs^. 
drawings of some of the most interesting gaseo 
also their spectra of lines, so that both can be e: 
screen at the same time. 

Fig. 203 is the planetary annular nebulse in 
drawing made by Lord Bosse (Fig. 199) ; the n&tb^ 
which is tnmed edgeways toward us, gives a 
bright lines, as in Fig. 201, one of which is dne t^ 
another to hydrogen. 

Fm. soa 




■repared from 

>T>xLl8e include 

ted. upon the 

k jriuB, from ft 

. tlie ring of 

of three 



L-trogen, 



and 




Ilnntey Amalv Ntbok ta AqoMliiii wtth Speotnua^ 



Fig. 204 represents on an enlarged scale th.^^ 
that has been already given from one of Lord I^c^. 
in Fig. 200 ; its structure is essentially the sam^ 
former one — ^a luminous gaseous mass with a 
of light, and surrounded by a luminous ring, th< 
of whidi, being turned toward us, causes the nel>xm^ 
very different form. The spectrum also con3ists ci^rf^ 
lines. 

The nebula (H. 4964) represented in Fig. 20^ 
at a glance to be of a spiral character ; it is remi^^^;|^. 




xie\)T>l* 

ta^t: of th® 
^ xxucletiB 

^ \>Tiglit 
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a small band, which shows that the faint ixniKDi 
nebula is of the same substance as that of tb.^ i 
The great nebula of Orion (Figs. 183 arx<i 



jpoxrtion of the 
Ii.a43 been the 



FiQ. 2oe. 




ADzmlar Neboto In Lyra, with Spectnitn. 



subject of spectroscopic investigations. Its 
three very conspicuous bright lines, one of wlxi 
nitrogen and another hydrogen. 

Huggins has lately repesited his former obi 
struments of much greater power, and compap^^<2 
two lines with those of the terrestrial gases, Tiax<3 
which gave him a spectrum four times the l^xm^^^-^fc^f^^ orp" 
obtained in his earlier investigations. The I'^^tBj.-fc 
servations, continued for several nights, was fc^::^ 
plete coincidence, even in this greatly-extendecS. 
nebular lines, with those of both gases, so tlic^-t^ 'fclx 
remaining doubt as to the identity of the lines. 

Recently a fourth line has been seen in this «=^^^t>-»-^ -m 
Herschel in India, by Lord Bosse, and also by ^H^^ar*.cz^:f^ ^i^J^^ ^^ptain 
HLarvard Observatory — the same line which Hx:^^^^^^^ "* ^"^^i^^^^Xoclc of 
observed in the nebula H. 4964 (Fig. 205), a-x^^^^^^^^ Ixad l>efore 



eonsiBts of 
^S&ixi indLicateB 

tioxis ^wdtU in- 
^»E>ecia.lly these 
=K- oix-c*xiiicxst»iice» 
t;he one "he 

"tlxo com- 

of the 

^^^xx l>e no 




apparently to hydrogen. It has been sugg^ja-f^^^^^ 
named observer that very probably other feint Xi:^:^ _, _^ 
spectrum which can only be revealed by mor^ 
ments. 

All actual clusters of stars, separable by tlx. 
individual bright points, give a continuous 
either gaps or bright lines. There are, howev^^*, 
where resolvable nebulae — ^the cluster in HercuX< 
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they revolve in their appointed orbits, all t: 
one plane among the fixed stars in regular pro, 
east, there appear from time to time certarn. 
stars of peculiar aspect, which, from their rapi^ 
and size, their fentastic contour, and their br ill "m . 
excite the greatest attention. These remarl: 
comets; and though their laws of motion haiF** 
tained, yet iheir physical constitution has preset 
eulties to astronomers than even that of the ne1>-«ill_^ 
first become visible their motion is evidently ro'*::*.^ 
frequently in orbits of such great elongation. ^^ 
called elliptical, travelling, besides, in all poBBi1:>T.« 
rections — sometimes, like the planets, from w^^j^^fc 
times in the reverse way, from east to west, 
extraordinary objects move in closed orbits rous::fe.<3 
regular period of revolution; others come qin^i-fc 
from the regions of space into our system, an. 
be seen no more. The periodic comets are as f5oXl 



nearly in 

:fir€>m west to 

"^p^anderin^ 

3>i«.Ti^e of form 

* Ti^ljL±y xLsnalljr 

'^ -^srisitare are 

^^^ "^v^ell ascer- 

g jreat er diflft- 

»- VVlxen they 

^<i l^lxe snn, but 

^ liax-<aiy to be 

s pl&xxes and di- 

*o ^&8i;, some- 

ovex-»l of these 

**^« STxn with a 

^^^■^^^xpectedly 

^t; again to 



.t;x-< 



Comet. 



Enoke^s 

Wxunecke's 

Brorsen's 

Biela*8 

Faye'8 

Halley's 



Period. 



Yean. 



8i 

1^ 



Distanoe flticKft 
Perihelion. 



Miles. 



289 millions. 
69 " 
65 " 
1% « 

156 " 
52 " 



While these comets have but a short period^ 
ers, such as the comets of 1858, 1811, and 184r4r^ _ 
periods of which Amount respectively to 2,100, 8,Ooc> 
years. Differences of quite a proportionate ^^^^5:rx VV--i 
servable in relation to the points of nearest ^X>Yi^:»r^ 
greatest distance from the sun. Enckffs comet i^ ^^^" 
nearer the sun at its perihelion than at its apH^U 
them, with an orbit extendmg beyond Jupiter, aj> j^j 
to the sun as ahnost to graze the sur&ce. Newtoix ^^ 
the comet of 1680 came so near to the sun that i^^i^ 
must have exceeded by two thousand times that c>f" 
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At Its nearest approach it was removed from the bub 
«xtii o* his diameter. The comet of 1 843. also, was s 
«m at ita penheh'on as to be seen in broad dajl.ght. 



¥m.Wfn, 




^n*a*» Onawtott Jttly 2, ]8£5S^ 



'■loady or nebuW "vT' "°1 ^^''^ ^'^ ««"-ounded bj a 
fonn fhe J^aad ottlV^ rin'.'^'T ', *^^ "-'-« -' 
"aked eye, there hL'Toat ft T' ^" '^'^^^^^ ^-'b'^ 
t«a, consisting of on? or T T ''^ ^'^^ ^ ^^^ «f I^ 
width and len^h a1 . ^. ^ ^^imaiia streaks, which v 

^«n of a straight Ii.e eoXw tt ™"' *''^"^^ '^^ P-^ 
telescopic comets are iZ!lv i>l T^ ^"'^ ^^ eo^et, 1 

na the comet of 1844 had eve,, 8i^'^'*^'^ *^^ *»"« (^ 



Fio. ao6i 




•'^CwiMltonJmj.^l^^ 



Comete arc tran 

tetrnve one throngii 



Digitized by 



Goo 




COMETS AND THEIR 8PE0TB- 



389 



Biela's comet, when distant only a •few seconds 
of the nncleus, which passed over the star 



tlie centre 
Tt>otytk. instanees. 
'X>t;xl>ly fainter; 
"fctt^ ca^lculated 
o:f the star 



without either rendering it invisible or even po^: 
from accurate measures taken at the time, 
motion of the comet, it^was evident that the po 
had not been changed by any refraction of tho Hi 

Similar observations were made with respect -feci^ JL>oxiL^t;i's comet 
of 1858 (Fig. 209), and the comet of July, 3L^^IL CE^i^. 210).* 
Close to the head of the former, where the tail sk.^t^ jLt^ cioiximence- 
ment was about 54,000 miles in thickness, ATcr§^^wzmsmr^90L& "vvrs^s seen to 
shine with undiminished brightness; while in. "t>otJti. <3omet8 a 
number of fixed stars appeared in full brilliancy- ^t^lxro^x^h. even a 
much thicker portion of the tail. The comet oF" !■_ ^28 TX>ssessed a 
nucleus about 528,000 miles in diameter, and y^^^-fc Star^x^vo sa^w 
star of the eleventh magnitude through it, a fac^-fc ^vv^lxiciti. see i- 



Fl0. i09. 




I>{matl'B Comet «m October 5, 1356, 



justify the conclusion of Babinet, drawn from Ixii 
tions, that a comet has no influence upon the liglx^ 
that stars of the tenth and eleventh magnitude^ 
fainter, may be seen through their greatest mass 
in the smallest degree either their light or their coX 

The nucleus of a comet is greatly afiSscted 
density by its approach to the sun; but, from t-i^ 
sharply-defined edge, it is difficult to measure it;is 
any accuracy. The comets of 1798 and 1805 ^^.c^j-^ ^ 
nucleus the diameter of which was twenty-two ^xi^^^^ 
mfles respectively; that of the great comet of 1^^ -- 
diameter of 380 miles, while that of 1843 reach^^ ^ 
and the comet of 1845 as much as 7,468 miles. Xl> 




* See Westermaim's Monktshefteh, y., p. SYY, nbd zi., ^^ 
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the B^ wo,^d e±,d\X''' *'"' "i^ ^^- - W'-'K'i 

^«^ - In the mS:i:t,^, 7tL":f "^ ^-^ ^'- -^^-^ •" 

*^ October was 285,450 mil 

Fin. Ul. 




FoidllM of the -TW,^ „ ^^ 

on the 25th of the as, 

comber u was onlj. 3,038 miles ' "*"** «^ «>e 17th of De^ 



The tail 



18 a prolongation of the 



^^nia, and is in most 



cas«0 
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turned away from the sun (Fig. 211), whether 
proaching or receding from the sun in the couns^^ 

A drawing by Prof. John Miiller, given in. 
this position of the tail very clearly. In the ma,;p^ 



39:1 

<M3XKiet be aj^- 
C i-ts orbit- 
;^^-. 312, Bho'W^B 
31^ position of 




the Bun is marked on the lower line to the right fo-^- 
September, and the 8th and 14th of October, andL -g 
are connected by straight lines with the places of "tX:^ 
those dates. The tail appears always curved, witfc^ 
side turned toward the direction of the comet's mot;S^ 
same time this preceding edge is much more sh.«t: 
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than the wncftve eide, ^nst as if some rosmtrng medimn had m^ 
peded the advanee of the tail, and forced it back. But the tail 
does not always maintain this position ; conietg have been oI> 
sei-f-ed where the tail has been turned toward the sun, ami othens 
again possessed several tails, all turned in opposite directiDng. 

As a Gomet ipproacheg the aun, the tail regularly inemees, 
from which it appeara that the eun, whether by the action of 
heat or other means, e^ntribatee esi^entmUy to the formation uf 
the tail, and produces a separation of material particles from the 
head of the comet. The len^h of the tail is rarely Im tkn 
500,000 miles, and in some cases it extends as far as ltX)jO(wV*^'^ 
or 160,000,000 miles. Tire breadth of the tail of the great comet 
of 1811 at its widest part was nearly 14,000,000 milesj the length 
116,000,000 ; and that of the second coroet of the same year eren 
140,000,000 miles. And yet the format ioji of the tail take^ place 
In a very short space of tiine> often iu a fiB^^s>sr w^eeks, or even dar&. 

The influence exercised on the formation of the tail by lU 
approach to the eun was shoHTi in the eomet of 1680, for anN 
perihelion it travelled at the rate of 1,210,800 miles in an lioar, 
and as a coneequenee put tbrth a tail in two daje b^Mi^m 
miloB in length. 

It is easOy conceivable that under Bi^ich circumstances tie 
mass of a comet must be exceedingly small. It is very pmUbte 
that our earth actually passed on the 30th of Jmie, 1861.throu,-h 
K''!21^X J-""! ^^^ magniflc^nt comet called the July eomet 
K^ig. 212\ which suddenly appeared ia the heavens as ff hx 



no »i3 
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uy mr. mnd, and also at the LiverpooJ 
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Observatorj. In the same way the comet of 1776 paaeed among 
the satellites of Jupiter without disturbing their position in the 
slightest degree. This was not the case, however, with the 
comet, for the influence of the planet was so great on its small 
mass as to send it quite out of its course into an entirely new 
orbit, which it now accomplishes in about twenty years. 

We must now consider the remarkable phenomenon of a 
comet being divided into two parts, each part becoming a sepa- 
rate comet, and pursuing an orbit of its own. Such an occur- 
rence happened to Biela's comet while under observation in the 
year 1845. When observed on the 26th of November of that 
year, it appeared as a faint nebulous spot, not perfectly round, 
with an increased density toward the middle. On the 19th of 
December it was rather more elongated, and ten days later it 
had become divided into two separate cloudy masses of equal di- 
mensions, each famished with a nucleus and tail, and for three 
months one followed the other at a distance of one-tenth, subse- 
quehtly one-fifth, of the moon's diameter. The pair made their 
appearance again in August, 1852, after having travelled together 
in one common orbit round the sun for more than six years atid 
a half; but the distance between them had much increased, and, 
from 154,000 miles, it had now reached 1,404,000 miles. Nor is 
this all : in conformity with its known period, the return of this 
comet was expected in the year 1859, and again in 1866, when it 
must have been visible from the earth as its path crossed the 
earth's orbit at the place where the earth was on the 80th of 
November. Notwithstanding the most diligent search, how- 
ever, the comet could not be found, and it would seem that 
either, like Lexell's comet, it has been drawn out of its orbit by 
some member of the solar system, or. else, as analogy suggests, it 
has ceased to be a comet, and has passed into some other form 
of existence. 

We must enter a little ftirther than might seem needftd for 
our purpose into the important phenomena observed in comets, 
partly by the naked eye, but more especially by the telescope, in 
order to obtain some ground for answering queries as to the 
physical nature of these heavenly bodies, as well as to acquire a 
standard by which, to compare the facts collected by telescopic 
observation with those gathered by spectrum analysis. 

These questions are directed in the first place to the oonsider- 
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^ J * ^ and uebute, are selHti- 
ation of whedier comets, like fixed stftns ^^^^ ^^^ ^^^ ^^.^^j 
ininous, or whether, hkc planeta, tUBj ^^^ considemtion ^f 
light of the sun; in the second place, ^g^j^^^i^^ji. TMtke 
their material composition and P^>f *^' , ^^ j eohd body such 
nucleue of a comet cannot be in itseU » ^"l _ j^^^,^ncy ; btit m 
the planete are, is proved by ite S'^^^ - ^^ ^f inniimeiuble 
does not preclude the posdbility of Its ^'^^^^^ ^.faen iUi- 
eoh^ii particles separated one {^^^^^^?^^^^l the so ar light the 
.Bloated by the Bnn, give by the -A-^^^^/ .^rl^ bl eon- 
impression oi a hDmogeneoiiB ma^. ^iJ^Z^f ^ substance whici, 
eluded that comets are either oomposed ot » ^'fj*^^^^^^^^^^ 
like gas in a st^te of extreme rarefaction, m perfectly ^^^^^ 
or of Bmall solid particles individually separated by ^^^'^^l 
spaces through which the light of a Btar can pasa without od- 
Btruction, and which, Iield together by mmtiial attraction, as wai 
aB by gravitation toward a central denser conglomeration, mom 
through space like a cloud of dust. It is not inipoBSihle tli^t 
comets without a nucleus are mflBScs of gns at a white heat, ot 
Bunilar constitution to the nebulse, while those poeseesing a nu- 
cleuB arc composed of disengaged solid particles. In any case, 
the connection lately noticed by SL-hiaparelli between comets 
and meteor-showerB seems to neecBsitate the supposition that m 
many comets a similar aggregation of particles exists, 

It has been thought that the polarization of light fiimi&hed » 
means for ascertaining whetlier the light of an object was in- 
herent or reflected ; and, supported by the observations made on 
the nuclei of comets for this purpose, the opinion has been con- 
fidently expressed that comets rfiine by reflected ligbtj and nt>t 
by any light of their own* But obs©r\'atians of this kind are 
in no way decisivej because in all polariscopes diflFused, irreffu- 
Iwfly reflected light appears, just hb little polarized as that given 
out by an independent source, 

Bpeetrum analysis could at once answer this quostiouj were s 
comet bright enough to form a complete speetrmn/ If the light 
of the comet were only reflected Bimlight, the spectrum would 
then be like tliat of the moon and planets^ a continuous one 
crossed by the Fraunhofcr Hues. But for the formation of sudi a 
spectrum a very narrow slit is necessary, and none of the comets 
which have appeai-ed within the last few years have been brfglit 
enough to allow of their spectra being examined ^dth a eloge 
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Betting of the slit. On this point, therefore, I^Im.^^ cgi^ix^^s-fcion remains 
at present undecided. 

Donati, at Florencse, was the first to exarrri:M=ft. ^3 ^j>^^W3t;i-oscopically 
the light of comets: he compared the apegfe^— ■-■ -w-ar-^ of* "tlie comet I. 
1864, wifh the spectra of metals in which -tliM.^^ <i^x*fc T>laces were 
wider than the luminous parts, and he found -fcZt^^^^-fc "tli^ entire spec- 
trum consisted of three bright lines. 

Tempers comet was observed in January, IL^^6, l>y Secchi and 
Huggins^ who found that it yielded a coatiji^-^-i.o^-u.s sr>ectrum ex- 
ceedingly faint at the two ends, in which thr^^^ t^x'i^tLt; 1' 
seen by the former observer and only one by jzzB_-^j.^CTyy^ -^^ p. qri -. . 



seen by both observers was the brightest, and -^^vsl& sitrxat ^ >w^ 



half-way between b and F of the solar spectzr-mi^rKxx. ^eo^h^ "-^wiiii 

of this spectrum is given in Fig. 214; none <z^z^^ -fcT^^^ ^-m ? ^^^^ 

lines coincided with those of the nebula in 



from this that the nucleus is at least partially- ia^lf-l * - " ^PP^*^^ 

is composed of gas in a luminous condition. <IZ>xx -fclzi ^^"^"^^^^^^^^ ^^<i 
the continuous spectrum proves that some of 'tJt^^ li.^V^ otaier nand, 
sunlight, for it cannot be admitted that the c^^oxxi^T -^ ^^ ^^eflected 
incandescent solid or liquid particles. "*® formed of 

The spectroscope gives no information £^^ "fco -•-^»_ 
condition of a substanc| from which we rec5^x^-^j^^ •^-txe nature or 
light : it is, however, probable that the com& ^^ci:^<i ^^'■^y reflected 
same substance as the nucleus. These oba^:^-^^^^ • *^il are of* the 
yield no further result than that a gas in a sti^^-t^^ '•^^^^^^-S, therefore 




SpwtraiB <rf Tfttnpel'ft Comet (18fi6.) 



present in the comet, but that at the same tirtx^ ^ * 

gas or from other portions of the comet which ^,:^ ^^'^ifc^x* fw^ 
smlight is also reflected. ^^ ^^^^^-iW*^^ ^^^ 

. In the years 1866 and 1867, Hu^ns obseirx?-^-^ ^^^^"^^^iaous, 

two small comets, and found them to coneiia-fc '•^Ix^ -^^^^ 

^^ ^ ^^I^^otpaof 



Digitized by 



Google 



3»t) 



SPECTRUM AiiAL.YSlS, 



«l.ectruMi, as well ae of one of bright lines. The light 

^rlLT'.^/ f*"*^' ^'^"^ Teinpel'8 comet, composed f 
reflected light and partlj. of the eojnet's o wix li^t 

necke (LL), **^ Broreen (I-), and tli^t < 
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creased toward the centre, but in which the e: 
was doubtful ; there was only the faint trai3< 
properly merely a slight expansion of the co: 
from the sun. 

Secchi examined this ^met with a simple cl-g ~^mrr^* 
scope, and compared the spectrum with that; ^c:^:^ 
the planet and the comet alternately into the 
instrument. 

Huggins observed the same comet from tIBzM. 
of May, and found, with Secchi, that the sp^^^ 
1^0. 5) was discontinuous, consisting of three 
length showed that the light of the centre of t^' 
that of the coma, had entered the spectrosco^ 
band of light was the middle one in the gr^ 
between the Fraunhofer lines i and F. Whesn 
favorable, this band was reduced to a single 
apparent width of the comet's nudeus.* Th.^ 
intense, but still very bright, was situated iiL -^ 
nearly in the middle of the space between ti^^ 
h and D. Occasionally another band could her -^ 
but it was difficult to fix its place. The thirc^. 
blue, toward the violet, about a third of the di 
and G. 

An extremely fisiint light, not shown in t^; 
apparent at the same time over the whole space 
the indication of a very feint continuous spect: 

By narrowing the sUt, these luminous bandi 
solved into lines, which is the case with the br-i 
nebulffi ; it only produced a weakening of the hsk. 
they completely disappeared. 

The spectrum of Brorsen's comet bears a 
to that observed by Donati ; but it differs esis^^ 
spectrum of a nebula, not only in its charactex*^ 
position of the bands of li^t. A comparison o:^" 
tra (No. 5 and No. 7) shows this at a glance. 

The comet 11., 1868, was first observed on 
18th-14th of June, by Dr. Winnecke, m Carl^^ 
attained sufSdent brightness to be seen by tb.^ 
star of the seventh or eighth magnitude. Th^ 

» [Doubtful] 
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»xxce of a mxclexw 
fit tail, or mor© 
1. the side Br^^y 



».<z*t>--vision spectro- 
"V^ enns, bringing' 
place in the 

S2<1 to the 13th 
(Fig. 215, 
L^^glxt bands; the 
II=^^Ad, as well as 
The brightest 
. a-l>o\it half-way • 
sky was very 
^Ixt line of the 
«^oxid band, less 
yeUow-green, 

.xmliofeT to®^ 
-Odin the ted, 
xrd wasi3athe 

o^ \>etweetx ^ 



<3ja^wing? ^^ 
^lae specti^^' 

^ l>a,xxaBoft*^f 
<=>:e light "^^^ 

*^ly Iroixxth^ 
^ a-lso ii^ ^^ 

Lt of th^ 
aoxd floon^ 
^i oye as ^ 
*«ir of tk^^ 
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"^ . ous envelope, amoi 

eoma, including the extremely tkint 1"""° ,^otb thm !'• 
toaWt 6' 30', the length of the t-'' /f'^f, from the com. 



HCI.K4 




BeeBK^d to have no coiui^ctioii with the bright nncleiie. Tb 
lowing Bide J that turned awny from the direction of motion 
fibarply defined, while the other eide gradually lost it^ell* in s 
When Secchi examined the comet on the 2 let of June v. 
simple epectroscopc without a Blit, tho spectrum x^as Been to 
net of three brilliant bands of light, the brightest of whicl 
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in the green, another less bright in the yellow, and the faintest 
was situated in the bine. When this instroment was exchanged 
for one of Hofinann's direct-vision spectroscopes, the three bands 
were well defined, and the dispersed light had disappeared. On 
comparing the position of these lines with those exhibited by the 
spectra of various metals, it was fojmd that the middle one lay 
very n^r to the magnesium line 5, but the spectrum, as a whole, 
could not be brought to agree with that of any metal. He per- 
ceived, however, a great resemblance between the spectrum of 
the comet and that of carburetted hydrogen, which made him 
conclude that the light from the self-luminous part of the comet 
was produced by that substanfte. 

Huggins investigated "Winnecke's comet with a spectroscope 
consisting of two prisms of 60°, and has given a drawing of the 
comet (Fig. 216), as well as of its spectrum, together with the spec- 
tra of the substances with which it was compared. In Pig. 215, No. 
4 is the spectrum of the comet ; No. 2 that of the electric spark, 
in oMve-oil ; No. 8 the electric spark, in olefiant gas ; No. 6 gives 
the principal lines of some of the substances brought into com- 
parison by means of the electric spark (N. = nitrogen, O. = oxy- 
gen, H. = hydrogen, Mg. = magnesium, Na. = sodium). 

The apparatus employed by Huggins for these comparisons is 
shown in Fig. 217. The olefiant gas was contained in the glass 
bottle a, whence it flowed through the tube J, into which were 
soldered two platinum wires e andyi At the place where 
the spark was to pass, a hole was bored through the glass tube, 
the edges of the opening carefully ground, and the opening closed 
by a smooth plate of glass. The light of the glowing gas was 
reflected by the small mirror c on to the reflecting prism in the 
interior of the tube, by which it was thrown on to the lower half 
of the slit, while the light of the comet was received upon the 
upper half. By this means the spectrum of the oleflant gas pro- 
duced by the electric spark was brought into close juxtaposition 
with the spectrum of the comet, so as to admit of an exact com- 
parison. 

Secchi's observations have been completely conflrmed by those 
of Huggins ; the spectrum of the comet consisted of three broad 
bright bands, which were sharply deflned at the edge toward the 
red, but &ded away gradually on the opposite side ; Huggins, 
however, did not succeed in resolving the bands into sharp lines, 
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but the middle and brightest band appeared to commence with a 
well-defined bright line. When the slit was placed on the edge 
of the coma the three bands were still distinguishable, bnt when 
the slit was directed to the fainter light of the taQ the spectrmn 
appeared to be continuous. 



Fig. aiT. 




Hoggins's Ap[w»taB Ibr obflerring the Spectnt of Hydrooarbona. 

If the spectrum of the comet be compared with that of car- 
bon which has been disengaged from olive-oil or defiant gas by 
the heat of the electric spark, there is no great resemblance to 
be observed between them ; * the lines of hydrogen, moreover, 

* [This statem^t is not correct. Huggins found, as may be aem in Fig. 81S, the 
spectram of this comet to be apparently identical with that of carbon as obtidned by 
the passage of the induction spark in olefiant gas, not only in the position in the spec- 
trum of the bands, but also in their general characters and relative brightness. The 
spectrum of Brorsen's comet, as shown in the diagram No. 6, does not agree with 
that of carbon. The spectrum of carbon as obtuned when the spark passes in oGto- 
oil, No. 2, differs from No. 8 only in that the bands are resolvable into fine lines. The 
bands in the spectrum of the comet were like those obtained when olefiant gM is 
used, irresolvable into lines. The lines of the other component of olefiant gas, hy- 
drogen, are omitted in the diagram. The lines of hydrogen were not visible in the 
spectrum of the comet. It appears to be right to consider this spectrum of hn^% 
bands to be that of carbon, and not that of any stable hydrooarfooo, for Huggms 
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belonging to the spectrom of olefiant gas are not present in the 
spectrum of the comet. 

The same comet was spectroscopically observed by H. M. C. 
Wolf at Paris. It was remarked also by him that the three 
bright bands separated from each other by perfectly dark spaces 
could not be condensed into lines by narrowing the slit, and thus 
the spectrum offered no analogy to that of a nebula. 

The spectrum of the comet I., 1870 (Winnecke), was exanuned 
by Wolf and Bayet ; it consisted, like the spectra of earlier 
comets, of three bright bands which spread out upon a continuous 
spectrum.* 

It would be premature to draw dedsive results from these 
comprehensive but as yet isolated observations. The spectrum 
of the three bright bands is derived unquestionably from tiie light 
of the comet's nucleus, and not from that of the coma, which is 
far too &int and ill-defined to produce such a spectrum ; it may 
therefore be assumed that the nucleus is self-luminous, and that 
it is very possibly composed of glowing gas containing carbon. 
This theory has already been opposed by Prazmowski, who insti- 
tuted some experiments on light reflected from faintly-illuminated 
strips of colored paper, and found that the spectrum of a body 
fEiintly illuminated by the sun presented exactly the same appear- 
ance which was observed by Secchi and Huggins in the comet 
of 1868 ; the spectrum of bands, therefore, given by this comet 
is not a proof of its being self-luminous, and even the light 



found the same bands, together with the lines of nitrogen, when the spark was taken 
in cyanogen, and a spectrum essentially the same, but less complete, when compounds 
of carbon with oxygen were employed.] 

* [Huggins gives the following description of the spectrum of comet L, 1871 
(Proceedings R. a, ,1871) : 

** On April 7ih, a faint comet was discovered by Br. Winnecke. I observed the 
comet on April 18th and Hay 2d. On both days the comet was exceedmgly &int, 
and on Hay 2d it was rendered more difficult to observe by the light of the moon and 
a fSunt haze in the atmosphere. It presented the appearance of a smaU fiunt coma, 
with an extension in the direction from the sun. When observed in the spectroscope, 
I could detect the light of the coma to consist almost entirely of three bright bands. 
A &ir measure was obtamed of the centre of the middle band, which was the bright- 
est; it gives for this band a wave-length of about 610 millionths of a millimetre. I 
was not able to do more than esthnate roughly iLe position of the less refrangible 
band. The result gives 645 milHonths. The third band was situated at about the 
same distance from the middle band on the more refrangible ride. It would appear 
that this comet is similar m constitution to the oomets which I examined in 1868."] 
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emitted by the nucleus may also be a reflected light.^ Seochi 
maintains, on the contrary, that the dark and bright absorption 
bands which are seen in the spectrum of light reflected from 
colored substances never have those sharp edges which are ob- 
served in the spectra of comets ; in his fine polariscope, polariza- 
tion was observed principally in the coma, and scarcely at all in 
the nucleus, which, had it reflected the sun's light, would have 
shown the greater amount of polarization. 

By collating these various phenomena, the conviction can 
scarcely be resisted that the nuclei of cometd not only emit their 
own light, which is that of a glowing gas, but also, together with 
the coma and the tail, reflect the light of the sun. There seems, 
therefore, nothing to contradict the theory that the mass of a 
comet may be composed of minute solid bodies kept apart one 
from another in the same way as the infinitesimal particles form- 
ing a cloud of dust or smoke are held loosely together, and that, 
as the comet approaches the sun, the most easily fusible constitu- 
ents of these small bodies become .wholly or partially vaporized, 
and in a condition of white heat overtake the remaining solid 
particles, and surrpund the nucleus in a aey^^v/mmous cloud .of 
glowing vapor. Spectrum analysis will not be able to afford any 
more certain evidence regarding the physical nature of comets 
until the appearance of a really brilliant comet which can be 
examined in the various phases it may present. 

It would lead us too far firom our purpose were we to describe 
more minutely the extremely interesting phenomena which the 
telescope has revealed of the separation of cometic matter, and 
the gradual formation of the coma and tail ;t nor can we enter 
more fully here into the causes of the changes produced in the 
form of a comet by its approach to the sun, or to one of the larger 
planets ;^: but we cannot pass over the extremely ingenious hy- 
pothesis brought forward by Prof. Tyndall before the Philo- 



* [PrazmowBki*B objection is untenable. Hoggins bas remarked tbat a epectnim 
of bright bands might be ^ven by a gas in a fluorescent state, but the drcumstanoe 
of the coincidence of the cometary spectrum with that of carbon would remain unex- 
plained.] 

f M&dler, ^ Die AuBBtr5mungen der Kometen,'^ m Westermann^s Monatsheften^ 
voL Til., p. S92. 

X Linder, Th^rie des Gom&tes fondle sur la seule loi de rattraotion universdloL 
Lob Mondes, xxL, p. 662. 
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Bopliical Society of Cambridge, on the 8th of March, 1869.* This 
admirable investigator had abeady proved, by a series of inter- 
esting experiments, that concentrated solar light, or the electric 
light, decomposes tibe volatile vapors of many liquids, producing 
almost instantly a precipitate of cloudy matter, in which some 
very peculiar phenomena of light are displayed. The quantity 
of vapor may be so small as to escape detection, but the concen- 
trated light falling upon it soon forms a blue cloud from the 
moving atoms of vapor which now become visible, and appear, 
according to the nature of the vapor, in a variety of forms as 
precipitations of matter on the beams of light. 

It is very striking in this experiment to see the astonishmg 
amount of light that an infinitesimal amount of decomposable 
vapor is able to reflect. When the electric light is admitted into 
the tube, nothing is to be seen for the first moment ; but soon a 
blue cloud shows itself, which is formed of almost infinitely small 
particles, either of vapor, or, what is more probable, of the mole- 
cules set free by its decomposition, and after some minutes the 
whole tube is filled with this blue color. The vaporous particles 
gradually augment in magnitude, and after some time (from ten 
to fift;een minutes) a dense white cloud fills the tube, which dis- 
charges so great a body of light that it is scarcely conceivable how 
so small a quantity of matter can possibly reflect so much light. 

"Nothing," says Tyndall, "could more perfectly illustrate 
that ^spiritual texture' which Sir John Herschel ascribes to a 
comet than these actinic clouds. Indeed, the^experiments prove 
that matter of almost infinite tenuity is competent to shed forth 
light far more intense than that of the tails of comets." Upon 
these feicts Tyndall has constructed a theory which offers an un- 
forced explanation of many of the phenomena that have been ob- 
served, as, for instance, the formation and motion of the tail, etc., 
but which also stands in complete contradiction to many of the 
fiicts discovered by Schiaparelli. 

69. Falung Stabs, MiTEOR-SHowfeBs, Balls of Fise and 

TUEIB SpSXTTBA. 

Whoever has observed the heaveni^ on a dear night with some 
amount of attention and patience, cannot fail to have noticed the 

* FhUosophical TnnsactioDB, 1870, p. 828 ; Fhaosophioal Magadne, 1869, No. U9 ; 
Natarforacher, iL, No. 88. 
27 
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phenomenon of a falling star, one of those well-known fiery me- 
teorB which suddenly blaze forUi in any quarter of the heavens, 
descend toward the earth, generally witii great rapidity, in either 
a vertical or slanting direction, and disappear after a few seconds 
at a higher or lower altitude. As a rule, falling stars can only 
be seen of an evening, or at night, owing to the great brightness 
of daylight ; but many instances have occurred in which their 
brilliancy has been so great as to render them visible in the day- 
time, as well when the sky was overcast as when it was per- 
fectly cloudless. It has been calculated that the average number 
of these meteors passing through the earth's atmosphere, and 
sufficiently bright to be seen at night with the naked eye, is not 
less than seven million and a half during the space of twenty-four 
hours, and this number must be increased to four hundred mill- 
ion if those be included which a telescope would reveal. In many 
nights, however, the number of these meteors is so great that they 
pass over the heavens like flakes of snow, and for several hours 
are too numerous to be counted. Early in the morning of the 
12th of November, 1799, Humboldt and Bonpland saw before 
sunrise, when on the coast of Mexico, thousands of meteors dur- 
ing the space of four hours, most of which left a track behind them 
of from 5® to 10** in length ; they mostly disappeared without any 
display of sparks, but some seemed to burst, and others, again, 
had a nucleus as bright as Jupiter, which emitted sparks. On the 
12th of November, 1883, there fell another shower of meteors, in 
which, according to Arago's estimation, two hundred and forty 
thousand passed over the heavens, as seen from the place of ob- 
servation, in three hours. 

Only in very rare instances do these fiery substances fell upon 
the surface of tiie earth; when they do, they are called balls of 
fire ; and occasionally they reach the earth before they are com- 
pletely burnt out or evaporated ; they are then termed meteoric 
stones, aerolites, or meteoric iron. They are also divided into 
accidental meteors and meteoric showers, according as to whether 
ihey traverse the heavens in every direction at random, or appear 
in great numbers following a common path, thus indicating that 
ihey are parts of a great whole. 

It is now generally received, and placed almost beyond doubt 
by the recent observations of Schiaparelli, Le Verrier, Weiss, and 
others, that these meteors, for the most part small, but weighing 
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occasionally many tons, are fragmentary masses, revolving, like 
the planets, ronnd the snn, which in their conrse approach the 
earth, and, drawn by its attraction into our atmosphere, are set 
on fire by the heat generated through the resistance offered by 
the compressed air. 

The chemical analysis of those meteors which have fallen to 
the earth in a half-bnmt condition in the form of meteoric stones 
proves that they are composed only of terrestrial elements, which 
present a form and combination commonly met with in onr planet. 
Their chief constituent is metallic iron, mixed with various sili- 
dons compoimds ; in combination with iron, nickel' is always 
fonnd, and sometimes also cobalt, copper, tin, and chromium ; 
among the silicates, olivine is especially worthy of remark as a 
mineral very abundant in volcanic rocks, as also augite. There 
have also been found, in the meteoric stones hitherto examined, 
oxygen, hydrogen, sulphur, phosphorus, carbon, aluminium, mag- 
nesium, calcium, sodium, potassium, manganese, titanium, lead, 
lithium, and strontium. 

The height at which meteors appear is very various, and 
ranges chiefly between the limits of 46 and 92 miles ; the mean 
may be taken at 66 miles. The speed at which they travel is also 
various, generally about half as &8t again as that of the earth's 
motion round the sun, or about 26 miles in a second : the maxi- 
mum and minimum differ greatly from this amount, the velocity 
of some meteors being estimated at 14 miles, and tiiat of others 
at 107 miles in a second. 

When a dark meteorite of this kind, having a velocity of 
1,660 miles per minute, encounters the earth, flying through 
space at a mean rate of 1,140 miles per minute, and when through 
the earth's attraction its velocity is further increased 230 miles 
per minute, this body meets with such a degree of resistance, 
even in the highest and most rarefied state of our atmosphere, 
that it is impeded in its course, and loses in a very short time a 
considerable part of its momentuni. By this encounter there 
follows a result common to all bodies which while in motion 
suddenly experience a check. When a wheel revolves very rap- 
idly, the axletree or the drag which is placed under the wheel is 
made red-hot by the friction. When a cannon-ball strikes sud- 
denly iwth great velocity against a plate of iron, which constantly 
happens at target-practice, a spark is seen to flash from the ball 
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«yeii in daylight ; tinder similar circmnBtances a lead bullet be- 
comes partially melted. The heat of a body consists in tiie vibra- 
tory motion of its smallest particles ; an increase of this molecu- 
lar motion is synonymous with a higher temperature ; a lessen- 
ing of this vibration is termed decreasing heat, or the process 
of cooling. Now, if a body in motion, as for instance a cannon- 
ball, strike against an iron plate, or a meteorite against the 
earth's atmosphere, in proportion as the motion of the body 
diminishes and the external action of the moving mass b^Ciomes 
annihilated by the pressure of the opposing medium upon the 
foremost molecules, the vibration of these particles increases ; 
this motion is immediately commimicated to the rest of the mass, 
and by the acceleration of this vibration through all the parti- 
cles the temperature of the body is raised. This phenomenon, 
which always takes place when the motion of a body is inter- 
rupted, is designated by the expression the oon/versian of the mo- 
tim ofthemasa irUo iriolecndcir action or heat ; it is a lawwithout 
exception that where the external motion of the mass is dimin- 
ished, an inner action among its particles or heat is set up in 
its place as an equivalent, and it may be easily supposed that 
even in the highest and most rarefied strata of the earth's at- 
mosphere, the velocity of the meteorite would be rapidly dimin- 
ished by its opposing action, so that shortly after entering our 
atmosphere the vibration of the inner particles would become 
accelerated to such a degree as to raise them to a white heat, 
when they would either become partially fiised, or if the meteorite 
were sufficiently small, it would be dissipated into vapor, and 
leave a luminous track behind it of glowing vapors. 

Hiiidinger, in a theory embracing all the phenomena of mete- 
orites, explains the formation of a ball of fire round the meteor 
by supposing that the meteorite, in consequence of its rapid 
motion through the atmosphere, presses the air .before it till it 
becomes luminous. The compressed air in which the solid parti- 
cles of the surface of the meteorite glow then rushes on all sides, 
but especially over the surface of the meteor behind it, where it 
encloses a pearnshaped vacuum which has been left by the mete- 
orite, and so appears to the observer as a ball of fire. If several 
bodies enter the earth's atmosphere in this way at the same time, 
the largest among them precedes the others, because the air offers 
the least resistance to its proportionately smallest surfiice ; the 
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rest follow in the track of the first meteor which is the only one 
fiurroimded by a ball of fire. When by the resistance of the air 
the motion of the meteor is arrested, it remains for a moment 
perfectly still; the ball of fire is extingxiished, the surroimding- 
air rushes suddenly into the yacnxim behind ihe meteor, which, 
left solely to the action of gravitation, &lls vertically to the earth. 
The lond detonating noise nsnially accompanying this phenome- 
non finds an easy explanation in tlie violent concussion of the air 
behind the meteor, while the generally received theory, that the 
detonating noise is the result of an explosion or bursting of the 
meteorite, does not meet with any confirmation. 

The circumstance that most meteors are extinguished before 
reaching the earth seems to show that their mass is but small. 
If the distance of a meteor from the earth be ascertained, as well 
as its apparent brightness as compared with that of a planet, it 
is possible, by comparing its luminosity with that of a known 
quantity of ignited gas, to estimate the degree of heat evolved 
in the meteor's combustion. As this heat originates from the 
motion of the meteor being impeded or interrupted by the resist- 
ance of the air, and as this motion or momentum is exclusively 
dependent on the speed of the meteor as well as upon its mass, 
it is possible when the rate of motion has been ascertained by 
direct observation to determine the mass. Prof. Alexander 
Herschel has calculated by this means that those meteors of the 
9th and 10th of August, 1863, which equalled the brilliancy of 
Yenus and Jupiter, must have possessed a mass of from five to 
eight pounds, while those which were only as bright as stars of 
the second or third magnitude would not be more than about 
ninety grains in weight. As the greater number of meteors are 
less bright than stars of the second magnitude, the faint meteors 
must weigh only a few grains, for, according to Prof. Herschel's 
computation, the five meteors observed on the 12th of November, 
1865, some of which surpassed in brilliancy stars of the first 
magnitude, had not an average weight of more than five grains; 
and Schiaparelli estimated ^e weight of a meteor from other 
phenomena to be about fifteen grains. The mass, however, of 
the meteoric stones which fall to tiie earth is considerably greater, 
whether they consist of one single piece, such as the celebrated 
irouHstone discovered by Pallas in Siberia, which weighed about 
2,000 lb., or of a doud composed of many small bodies which 
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penetrate the earth's atmosphere in parallel paths, as shown in 
Fig. 218, and which, from a simnltaneons ignition and descent upon 
the earth, present tiie appearance of a large meteor bursting into 
several smaller pieces. Such a shower of stones, accompanied 
by a bright light and loud explosion, occurred at L'A^e, in 
Normandy, on the 26th of April, 1808, when the number of 
stones found in a space of 14 square miles exceeded 2,000. In 
the meteoric shower that fell at Ktiyahinga, in Hungary, on the 
9th of June, 1866, the principal stone weighed about 800 lb., 
and was accompanied by about a thousand smaller stones, which 
were strewed over an area of 9 miles in length by 3^ broad. 



Fio.818. 




Balls of Fire seen through the Telescope. 

It must not be supposed, however, that the density of such a 
cosmical cloud is ac great when out of the reach of the attrac- 
tion of the sun and the earth as when its constituents &11 upon 
the earth's surface. Schiaparelli calculates, from the number of 
meteors observed yearly in the month of August, that the dis- 
tance between any two must amount, on the average, to 460 
miles. As the cosmical clouds which produce the meteors ap- 
proach the sun in their wanderings from the far-off regions of 
space, they increase in density some million times, therrfore the 
distance between any two meteors, only a few grains in weight, 
before the doud begins to be condensed, may be upward of 
40,000 miles. 

The most striking example of such a cosmical doud composed 
of small bodies loosely himg together, and existing with hardly 
any connection one with another, is exhibited in the meteoric 
showers occurring periodically in August and November. It is 
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an ascertained fitct that on certain nights in the year the number 
of meteors is extraordinarily great, and that at these times they 
shoot ont from certain fixed points in the heavens. The shower 
of meteors which happens every year on the night of the 10th of 
August, proceeding from the constellation of Perseus, is men- 
tioned in many old writings. The shower of the 12th and 13th 
of November occurs periodically every thirty-three years, for 
three years in succession, with dimiTiiflhing numbers ;. it was this 
shower that Alexander von Humboldt and Bonpland observed- 
on the 12th of November, 1799, as a real rain of fire. It re- 
curred on the 12th of November, 1888, in such force that Arago 
compared it to a &11 of snow, and was lately observed again in 
its customary splendor in North America, on the 14th of Novem- 
ber, 1867. Besides these two principal showers, there are almost 
a hundred others recurring at regular intervals ; each of these is 
a cosmical doud composed of small dark bodies very loosely held 
together, like the particles of a sand-cloud, which circulate round 
the sun in one common orbit. The orbits of these meteor streams 
are very diverse ; they do not lie approximately in one plane like 
those of the planets, but cross the plane of the earth's orbit at 
widely different angles. The motion o£ the individual meteors 
ensues in the same direction in one and the same orbit ; but this 
direction is in some orbits in conformity with that of the earth 
and planets, while in others it is in the reverse order. 

The earth in its revolution round the sun occupies every day 
a different place in the universe ; if, therefore, a meteoric shower 
pass through our atmosphere at regular intervals, there must be 
at the place where the earth is at that time an accumulation of 
these small cosmical bodies, which, attracted by the earth, pene- 
trate its atmosphere, are ignited by the resistance of the air, and 
become visible as &lling stars. A cosmical doud, however, can- 
not remain at a fixed spot in our solar system, but must circulate 
round the sun as planets and comets do ; whence it follows that 
the path of a periodic shower intersects the earth's orbit, and the 
earth must ei^er be passing through the doud, or else very near 
to it, when the meteors are visible to us. 

The ifeieteor-shower of the 10th of August, the radiant point 
of which is situated in the constellation of Perseus, takes place 
nearly every year, with varying splendor ; we may therefore con- 
dude that the small meteors composing this group form a ring 
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round the sun, and the earth every. 10th of AngoBt is at the spot 
where this ring intersects our orbit ; also^that the ring of meteors 
is not equally dense in all parts : here and there these small bodies 
must be very thinly scattered, and in some places even altogether 
wanting. 



Fig. 210. 




Orbit of the Meteor-Shower of the 10th of Aa?n«t 

Fig. 219 shows a very small part of the elliptic orbit which 
this meteoric mass describes round the sun S. The earth en- 
counters this orbit on the 10th of August, and goe# straight 
through the ring of meteors. The dots along the ring indicate 
the small dark meteors which ignite in our atmosphere, and are 
visible as shootingHstars. The line m is the line of intersection 
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of the earth's orbif and that of the meteors ; the line P S shows 
the direction of the major axis of their orbit. This axis is fifty- 
times greater than the mean diameter of the earth's orbit ; the 
orbit of the meteors is inclined to that of the earth at an angle 
of 64** 8', and their motion is retrograde, or contrary to that of 
the earth. 

llhe November shower is not observed to take place every 
year on the 12th or 18th of that month, but it is found that every 
thirty-three years an extraordinary shower occurs on those days, 
proceeding from a point in the constellation of Leo. The meteors 
composing this shower, unlike the August one, are not distributed 
along the whole course of their orbit, so as to form a ring entirely 
filled with meteoric particles, but constitute a dense doud, of an 
elongated form, which completes its revolution round the sun in 
thirty-three years, and crosses the earth's path at that point where 
the earth is every 18th of November. 

When the November shower reappears after the lapse of 
thirfy-three years, the phenomenon is repeated during Ihe two 
following years on the 13th of that month, but with diminished 
splendor ; the meteors, therefore, extend so &r along the orbit as 
to require three years before they have all crossed the earth's 
path at the place of intersection ; they are, besides, unequally 
distributed, the preceding part being much the most dense. 

A^very small part of tiie elliptic orbit, and the distribution of 
the meteors during the November shower, is represented in Fig. 
220. As shown in the drawing, this orbit intersects that of the 
earth at the place where the earth is about the 14th of November, 
and the motion of the meteors, which occupy only a small part 
of their orbit, and are very imequally distributed, is retrograde, 
or contrary to that of the earth. The inclination of this orbit to 
that of the earth is only 17^ 44' ; its major axis is about ten and 
one-third times greater than the diameter of the earth's orbit, and 
the period of revolution for the densest part of the meteorites 
round the sun S is thirty-three years three months. 

From all we have now learned concerning the nature and 
constitution of comets, nebulsB, cosmical clouds, and meteoric 
swarms, an unmistakable resemblance will be remarked among 
these difi^erent forms in space. The affinity between comets and 
meteors had been already recognized by Chladni, but Schiaparelli, 
of Milan, was the first to take account of all the phenomena ex 
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hibited by these ™y«t«"7« ^^J'^^^^j'Tb'^to Tad calcn- 
amteneBS to treat 8U<^89fuUytUem^^^^ ^^^ l^^t 
lationB which had been contributed during ^e Verrier, and 

few years by OP^^-^^^^.^^.^^^^^ttie orbits of r..eteor« 
other observers. He not only ^^"^T"^^ ^^ that tUe same 

are quite coincident with thoBe of comets, ana ta 



Pub, Sfi<J* 




Orbit Of Ui9 KoTemlwr M - t- 



object maj appear to us at one time as a comet aod at anotUer 
as a shower of meteors, but he proves also by a liiglily-elegfti^^ 
mathematic-al calculation that the scattered cosinieal maaees known 
to us bj the name of nebolf© would, if in tlioir jouimey tbrough 
the universe they were to come ^^rithin the powerfdl attract^^^ 
of our aun, be formed into comets, and tlieee again into meteoric 
showers. 

We should be carried away too far trom om* subject were we 
to enter fully mto the consideration of tMs bold and iugenioiiB 
theory of the Milan astronomerj supported tbougb. it be by a 
setieeof facts; but while we refer the reader to vol. xx. of **ll«^ 
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turwissenBchafUichen Volksbucher" by A* U^^^sx-xxs-fcein^ in iw^iich 
this subject, " die Kathael der Stemschnupp^rx. ^m^JKid <3.exr Klometen,'' 
is fully treated of in a very dear and attracti-^^ xxxc^xxzxeir^ wg shall 
confine ourselves to the following short stateorxm ^zx-fc of Scliiapairelirs 
theory: 

^Nebula are composed of cosmical matt^^ixT ±xx. ^^w^liicli &8 yet 
there is no central point of eoncentratioix^ c^:Kid ^w^liidx Ii&s not 
become sufficiently dense to form a celestial l:^o<3.^jr -■"■-■ -tlxe ordiziaxy 
sense of the term« The diffuse substance of tliL^^i^ c^oaxnical clouds 
is very loosely hung together ; its particles axtr^^ '^^'V^^L&ly^ 8ex>ar&1;ocl 
thus constituting masses of enormous ert^xz^^fc^ e^oxxxe of ^widch 
have taken a regular form, and some not. ^^ <^ "tilfaLOse nebnloxts 

clouds may be supposed to have, like our suix^ ^^ ^Kx^o-fcioxi in snace 
it will sometimes happen that such a doud cs^oxocx^^j^ "W^tliin raa. li 
of 'the power of attraction of our sun. The «^^fc"fcxr^ci-fcioxx acta m 
powerfully on the preceding part of the nel>xaJ.^ 'fclx^fc.xi. on th -P ^ 



ther and following portion ; and the nebula "'^^^IxiX^ is'fcill a.1- 

distance begins to lose its original spherical -^^^r^-^^ - g^^at 



considerably elongated. Other portions of -t^"*-* -^^ — - - corrxos 



follow continuously the preceding part, untiX "tlx^ jst^Ty ^ ^"^^^^^ss 
verted into a long cylinder, the foremost p^^ixrt^ o^f ^-^ ^^ con- 

toward the sun, is denser and more pointed "fclx^xx -fcVi "^^^ tliAt; 
part, which retains a portion of its origin^fcTl l>xr^ -^ ^^^^^Uo^vixxg 
nears the sun, this transformation of the ^*=^^^T>xii<:-fc ^-■-•^-ti. j^g •^ 
comes more complete : illuminated by the ^^mia^iix -«- v* ^ <^loucl l>o- 
part appears to us as a dense nucleus, and "fcltx^ -f^^ i^ I^^^ceding 
turned away from the sun, as a long tail, cux*-^;^^^ • ^^-*^l^^"vv^ixLg part 
of the lateral motion preserved by the nebula, ciixxri ^^ ^^^^"^^^^'O^enee 
Out of the original spherical nebula, quite ^^^^^c^^i^xxxT^^^ it^s I^^ogress 
Bolar system, a comet has been formed, whieCt^ -j^^ ,^<5t;^<l ^w^itli our 
dition will either pass through our system -fc.^;;^ -w^ ^ ^-^t^r^a. con- 
space, or else remain as a permanent memt>^:^^ ^^^-*-^^x- ^««i.in * " 
system. The form of the orbit in whidi i-fc irx^^ <^Txx* I>laxi.fetft.^^ 
the original speed of the cloud, its distance ^^^ /^^^^^>ei ^^^I>eri.€l^^ 
the direction of its motion, and thus its patCt^ ^f^^ *lxo sxtr^ ^^ 
hyperboKcal, or paraboKcal; in the last two c^«^^^^^^5^ "*>« el]^' -^^^ 
pears only once in our system, and then returx]^^^ ^^^ '•^ix^ oox*^ * 
reahns of space; in the former case, it abid^j^ ^^ •"^'^^'^'^O.cio:^^-^* *^ 
complishes its cotirse round the sun, like the 1>1«,^^^"'*'^*-'^^ tub "^^ *^® 

fixed period of years. From this it is evidexxt; -t^^^*^^ *ri L ^^^ »o- 

^^^* *I^ <^«rtaiii 

^« ^J^l>itfl of 
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comets may occnr at every possible angle to that of tlio earth, 
and that their motion will be sometimes progressive and some- 
tiinea retrograde. 

The history of the cosniica.1 cloud does not, however, end 
i\nth ite transformation into a comet. Schiaparelli ahowe in » 
striking manner that, as a oomet is not a solid mass, bat consist* 
of particles each poBeeseing tin independent motion, the head or 
nuc'IeuB nearer the 8un must iieeessa-rily complete its orbit in lees 
time than the more distant portions of the tail. The tail will 
therefore lag behind the nnclene in the course of the comet b 
revolution, and the comet, becoruing more and more elongated, 
will at laat be either partially or entirely resolved into a ring of 
meteors. In thifl way the whole path of the comet becomes 
Btrewed with portions of its mass, witJi those email dark raeteoric 
bodies which, when penetrating the earth's atmosphere, become 
luminous, and appear as fialling stars. Instead of the comet, 
there now revolves round the eun a broad ring of meteoric 
etonee, which oocaeion tlie phenomena we every year observe as 
the August meteors. Whether this ring be continuous, and the 
meteoric masses strewed along the wljole course of the path of 
the original comet, or whether the individual meteors, as in the 
November shower, have not fiUed up entirely the whole orbit, 
but are still partially in the form of a comet, is in the transfor- 
mation of a eoBmical clovul through the influence of the 6un only 
a question of time i in course of year« the matter composing a 
comet which describes an orbit round the sun mnst be di^ersed 
over Its whole path; ^f tA. ari^n^ ^rhit he elZipti^^l^ an eUipti^ 

Sehiaparelh has in fact discover«>rf <^ ^ vrtm.. 

between the path of the AnfinT^p7« ''^?^^ " resemblance 

of 1862, No. m., that thtre^nn't kT ^""^ }^^^ «*• *^« "^^^ 
complete identit^;. The ZZr^l \^^' **°'"^* ^ *^ ^^'''\ 
display of faUiug^tars on rheTo'hSlS'"^."^ "^" the anna^ 
equally along the whole course of tW ^k- ^""^ "^*^ distributed 
to distingni.h the aggloo^ioL f *" ** ' ^' '« «till poBBible 
originally formed the cometarv tm<^\Z. ^^'®**"« particles which 
parts of the comet ; thuB in the year ?R«S?y,*^1 ^''^^^^ '^ "^^"'^ 
this ring of meteors thron-^h whieli *\. denser portion of 

tlie 10th of August, and which cause«Tl ^^'i*^ Passes annually on 

tiie display of falling starB, 
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^WBA Been in the form of a comet, with head &x^<3. ^^xX sl& ttte dexxsest 
parts, approached the flun and earth in the c^€:^^mjMjjKr^^ o:f tlxat XExontli. 
Oppolzer, of Vienna, calculated with great £^<:^<:^-i3.x*£i.<3^^ tlie orl>it of 
this comet, which was visible to the naked ey-^^. i543lxia»]>arelli liad 

previously calculated the orbit of the meteox-i<^ irini.^- to M^hiclx the 
shooting-stars of the 10th of August belo:M=M_^gj^ l>^foi*e they are 
drawn into the earth's atmosphere. The alx3CM.o>s^ x>^rfect identity 
of the two orbits justifies Schiaparelli in th^ "k>ol<i a^^Bertion that 
the comet ^1862, No. ni.,"^ 7w> oiher tha^'^ ^^.^ ^^^^mains af^ the 
comet out qfwMeh the meteoric rmg of the ll_ O^,^. <2^ -Aju<rust A/z« 
heenfoTTned m the cov/tse of time. The di£R^xtr^z^<3^ l>et^w^ i-Ti 
comet's nucleus and its tail that has now "t>^^x3. 'CV>i-ixlbd ' ^ ^ 
ring, consists in that, while the denser meteox-io iekx^^j^s foTm* ^\^ 
head approaches so near the earth once ia. ^^-^y^c^X'y Ixti a tx^ *^^® 
twenty years as to be visible in the reflected li^^lx-fc <:>f +1^ ^^»id 

more widely-scattered portion of the tail coxxaL^f>oeii-j^^ +1^^ 8i^> t;lxe 
mains invisible, even though the earth passes '•^l^^^^ox:^^^^ • ^ ^"^^^ ■**^"* 
on the 10th of August. Only fragments 'of -fci^is :r-iS ^^ annrutlly 
of dark meteoric particles, become visible as slxoo-fcir* ' ^^i^posod 
they penetrate our atmosphere by the attracfcio>:«:x of* fiT-stars wlxon 
ignite by the compression of the air. ^ earth, a.xxd 

A cloud of meteors of such a character os^zk::^ i^s^-m- 
observed as a meteor-shower when in the =»:^o<3^^ ^^^^^^^LxXy only 
that is to say, in those points where it cross^ia "tlx^ ^^*^ xts orhi, 
and then dhly when the earth is also there c^^ "tlx ^^-^"^^tili^s orhii 
that the meteors pass through our atmospher*^ _ T*"!-* ^^^xxo titae bo 

ing within the sphere of attraction of our soX^^:^ j^ ^■^^'biila com ' 

its nearest approach to the sun (perihelion), ^^^^^ ^^^^xxx "Would 't 
ing portions of its orbit, appear as a come3^ ^^xx<l^ *lx^ ^^^iehho 
the earth's atmosphere would be seen as a «^o-^^^^ "^^^Ix^xi it ~^ ^ 

Calculation shows that this ring of met^^^^^* ^^ ^^^-^Aso^^ • 
millions of miles in its greatest diameter. Aa ti^^ ^^ ^^oi^t Too 
. of the 10th of August lasts about six houra^ ».^?^^*^oxae "^ ' *^ 
els at the rate of eighteen miles in a secoix<X ^ *lx^ oai-rtT^^^^ 
breadth of this ring at the place where th^ "^^^ *^-^^<>Wa^Sr *^^' 
4,043,520 nules. In Fig. 221, A B repres^^^ ti^^^^"*^ ^i^oa ^** **^® 
orbit of the comet of 1862, No. m., which i^^ -^ * ^^^^^^^rtiic^^^® ** ^ 
(Fig. 219) of the August shower. ^^*^**c^^l ^ ^^ *lie 

The calculations of Schiaparelli, Oppol^^^^ .,^^ ^^^tli that 

Yerrier, have also discovered the comet procJ^^^ • "^^^^fc^-*-^ 
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of the November ihower, and Have fotind it in the small con 
of 1866, So. I,, first observed l>y Tempel, of Marseilles. : 
transformation into a ring of meteors lias not proceeded neai 
80 tu- as that of the comet of 1862, JSTo. IIL Its existence is 
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a much more recent date - 

^"^ tHe planet Un 
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HUB as to be brought by its attnfction into an elliptic orbit round 
the sun. This orbit is the same as that of the comet discovered 
by Tempel, and calculated by Oppoker, and is identical with 
that in which the November group of meteors make their revo- 
lution. 

Since that time, this cosmical doud, in the form of a comet, 
has completed fifty-two revolutions round the sun, without its 
existence being otherwise made known than by the loss of an 
immense number of its components, in the form of shooting- 
stars, as it crossed the earth's path in each revolution, or in the 
month of November in every thirty-three years. It was only 
in its last revolution, in the year 1866, that this meteoric cloud, 
now forming part of our solar system, was first seen as a comet. 

The orbit of this comet is much smaller than that of the Au- 
gust meteors, extending at the aphelion as far as the orbit of 
Uranus, while the perihelion is nearly as far from the sun as our 
earth. The comet completes its revolution in about thirty-three 
years and three months, and encounters the earth's orbit as it 
is approaching the sun toward the end of September. It is fol- 
lowed by a large group of small meteoric bodies, which form a 
very broad and long tail, through which the earth passes on the 
13th of November. Those partides which come in contact with 
the earth, or approach so near as to be attracted into its atmos- 
phere, become ignited, and appear as falling stars. As the earth 
encounters the comet's tail, or meteoric shower, for three suc- 
cessive years at the same place, we must conclude the comet's 
track to have the enormous length of 1,772 millions of miles. 
In Fig. 221, D represents a portion of the orbit of this comet 
which is identical with the orbit (Fig. 220) of the November 
meteors. 

By the side of these important conclusions, whidi the obser- 
vation and acuteness of modem astronomers have been able to 
make concerning the nature and mutual connection of nebulee, 
comets, meteors, and balls of fire, the results of spectrum analy- 
sis as applied to meteors will seem to be exceedingly scant. This 
is easy to understand when we reflect how rapidly these fiery 
meteors rush through our atmosphere, and how difficult it is to 
lay hold of them with the spectroscope during their instanta^ 
neous apparition. Before the instrument can be directed to a 
meteor or ball of fire, and the focus adjusted, the object has difl- 
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appeared from view. The appKcation, therefore, of spectrum 
analysis to these fleeting visitors is left almost entirely to chance, 
and is mainly confined to those nights in which yearly, or at cer- 
tain known periods, an extraordinary shower of &lling stars is 
expected to occur. 

In the year 1865, Alexander Herschel drew attention to the 
expected fall of meteors in the ensuing year, and suggested that 
they should be observed with the spectroscope, on the ground 
that some few spectroscopic observations previously made had 
shown the spectrum of a meteor to be a continuous one, without 
any dark lines. Browning, a master in the art of constmcting 
spectrum apparatus, undertook the investigation, and observed 
in the nights of the 9th and 10th of August, as well as during 
the early morning hours of the 14:th of November, at his observa- 
tory at Upper Holloway, near London, as many as seventy spec- 
tra of meteors and their trains. 

The hand-spectroscope of Huggins, described at p. 332, and 
represented in Fig. 173, as constructed by Browning for the 
direct observation of the solar appendages during an eclipse, is 
well adapted for these investigations ; but a still better instru- 
ment is that drawn in Fig. 222, especially constructed by Brown- 




BrowDliig*s Meteor Speotroecope. 

ing for his own use in the observation of meteors, in which the 
apparent angle caused by the velocity of the meteor is dimin- 
ished, and which, on accoimt of the large field of view, greatly 
facilitates the observation'of a fsilling star. 

This instrument consists of a direct-vision compound prism 
P, and a plano-concave cylindrical lens L. M^, M., M, denote 
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three successive places in the flight of a meteor, and m^j m^ m, 
show the path of the rays from the meteor to the lens L, while 
the dotted lines indicate the course taken by the rays in their 
passage through the refracting media. The ray m, reaches the 
eye viewing it through the prism at the same moment as the ray 
m, ; the eye, therefore, commands the large space in the heavens 
included between M^ and M,, and can observe accordingly a 
meteor shooting over that space without the instrument being 
moved. In such a spectroscope the meteor appears to be station- 
ary, and its spectrum can be observed without difficulty. Brown- 
ing was able with this instrument to observe the spectra of some 
fireballs thrown into the air only a few feet from him. Although 
the angular velocity of such balls was very great, yet the charac- 
teristic lines of their component metals, barium, strontium, etc., 
were very clearly seen. If a bi-concave lens of longer focus than 
the cylindrical lens be placed immediately in front of L, and 
turned toward the heavens, rays of a still greater convergence, 
reaching beyond M, and M„ will be brought within the range 
of the eye, and the field of view of the instrument considerably 
increased by this means. 

Instead of observing the spectrum with the unassisted eye, a 
small telescope may be employed, the position and direction of 
which with regard to the prisms is represented in Fig. 178. 

In conducting these investigations. Browning directed the 
instrument to that point in the heavens whence the meteors 
proceeded, and thus succeeded in retaining a few of the great 
number that fell in the field of the spectroscope, and observing 
the character of their spectra. 

The spectra of the heads of the meteors were mostly continu- 
ous, in which all the prismatic colors of the solar spectrum were 
visible excepting violet. In certain instances, however, the yel- 
low preponderated in the spectrum ; in others the spectrum con- 
sisted almost entirely of one homogeneous yellow hue, though 
nearly every other color, from red to green, was very faintly vis- 
ible. In two instances the spectrum presented a homogeneous 
green tint. No remarkable difference in the light of the nudei 
of the August and November meteors was perceptible. 

In most of. the August meteors only one yellow line of in- 
tense brilliancy remained in the spectrum of the tail or track of 
light left behind, when it began to dissipate — ^the unmistakable 
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Bign of the presence of luminous gas, a line which could only be 
compared to the line of glowing sodium. 

In the November meteors, on the contrary, the spectrum of 
the train "was characterized by continuity and breadth, but by a 
deficiency of color. The light, which was mostly blue, green, or 
fiteel-gray, appeared in general to be homogeneous ; but this ap- 
pearance might arise from the light being too weak to yield a 
visible spectrum, as in the case of stars below the second and 
third magnitude, where the red and blue rays are wanting in the 
spectrum, though doubtless present in the light of the star. The 
yellow line given by the train of the August meteors was alto- 
gether absent in that of the November meteors. 

The principal result of these investigations is confined, there- 
fore, to the establishment of the £stct that meteors eohsist of in- 
candescent solid bodies, and that a difference is discernible in the 
chemical composition of the August and November meteoric 
lihowers. 

The November shower of 1868 was observed by Secchi. 
Among the numerous meteors that left a train of light behind 
them was one the track of which lasted fifteen minutes, and was 
at first sufficiently bright to allow of examination by a prism. 
Secchi found the spectrum to be discontinuous, and the principal 
bright bands and lines were red, yeUow, green, and blue. Be- 
sides this observation, Secchi was so fortunate as to see two 
meteors in the spectroscope: the magnesium line appeared with 
great distinctness, besides which some lines were also seen in the 
red. 

On account of the great difficulty of observmg meteors with 
a narrow setting of the sht, ordinary spectroscopes are not suited 
to this purpose. The hand-spectroscope described at p. 332, 
however, cannot show any sharp Imes, even when the meteor 
rJl^^r *^i^'^^''^ ^ *^ ordinary spectroscope would yield 
Sdrf^ri ?" T^^ "^"^' «^^^fo^' i« to substitute a 
aS^^i'^^^T.^" '^'' ^^^ '^^^^ ^^ l>e ^o doubt that an 

analysis. ™ve8tigatxon of meteors by means of spectrum 

«trume»» U di«ctLi tJXtot filSSTl "^ *" " "^ ^^^*c^ whe» th« in- 
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70. SpBcrrBUK of LiGHTNTce^ra-^ 

From the close connection between ligH-frg-fc -m-m^^ and the eloctric 
gpark, it was to be anticipated that a flasln. <:>f Il^Iitxiiag' w^oiild 
yield a spectrum closely allied to that of th^ <:>JKr<aLirxary electric dis- 
charge when passed through the air, and tlx^fc,-fc it ^wonld therefore 
consist of the bright lines belonging to tho «i--fc:KKxosplioric air and 
therefore preeminently those of nitrogen. ICTxis 'wslb in. 'fact 

proved to be the case by Captain Herschel <i'u.:K-iixg a Btonxi ^^rlieii 
the flashes of hghtning were very nnmerons^ o^:^ wliich occaaion 
he found, by the use of a hand-spectro8C5o;^>^^ CFi^^ 1 '7'S^ +>i t 
among the numberless bright lines visible, t;I:M.^^ "t>lue r^ "fT T 

was the brightest, while the red line of ^T^^-^*^<::^^^<^n TT ^S®^ ^ 
present. Besides this spectrum of lines, thoiMr^^ "Was sri ^^i^'^** *"K^ 
same time a hriodit continuous spectrum exl:ii1:>-5-«^^__ ^ . ,. ^ *"* . ^ 

colors. ^"^^S tix© principal 

The ordinary spectrum of lightning prod 
of green and blue, or rather of greenish-blix^ «- 
flashes all the prismatic colors are visible, i-f^ 
that the part between the lines E and Fis so 
the rest as to cause the impression of those ooX 
in the spectrum. The variation of relative hsri 
tinnouB spectrum and of the spectrum of lines u^ 
times the lines are scarcely visible ; and at o-tCfct^ 
exception of the lines, there is scarcely any a2>< 

The difficulty of distinguishing the many- :f^^ 
eiderably increased by the instantaneous cb^; 
nomenon. Before a certain line has been 
pression upon the retina has disappeared, and. 
of the line half determined upon has passed a^w^. 
flash succeeds, so that there remains no standa^^^^^^ 

The most complete observations that hare 3^^a^-^ 
the spectra of lightning are those by Prof. Kiii^^^ ^^ 
whom upward of fifty flashes of lightning hav^ ^^.'tf- 
been observed with a pocket-spectroscope. IIx>^ 
spectra consisting of bright lines, there alw^a^r^i^ _ 
spectra formed of a great number of fainter- 
broader than the lines, and disposed regularly 
one from another. 

The spectra of lines consisted of one and 
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linea in the extreme red, a few very bright linee in the gre< 
aod some less bright in the blue, besides a stiU greater numl 
miieli fainter, most of which, however, were sharply defin 
The spectra of different flashes were so fer different, that wl 
certain lines were very brilliant in one flash, they were entir 
wanting in another, where they were replaced by a set of lii 
which were invisible in many other flashes. 

The spectra of bands were quite as dissimilar, the color 
bands in some flashes appearing in the blue and violet ; in oth( 
in the green as well, and occasionally only in the red. 

In most cases each flash had only one of these spectra. Tj 
flpectm of lines were usually given by the forked flashes, whi 
sheet lightning yielded the spectra of bands. In only two cas 
did the same flash first give a bright spectrum of lines vei 
sharply defined, and then suddenly show a spectrum of banc 
evenly distributed throughout. 

The two kinds of spectra correspond with the different coloi 
in which both descriptions of lightning appear to flie unassiflte 
eye : the light of forked lightning is usually white, while that o 
sheet lightning is mostly red, but sometimes violet and bluid 
This is in conformity with the different colors exhibited by th 
discharges of electrical machines, according to the form in whic 
they appear, whether as a spark or a brush of light. While th 
light of a spark discharged into the air is more or less white ac 
cording to the nature of the bodies between which it passes, thi 
color of the electric brush is red or violet, and that of thi 
e ectric glow is violet or bluish. The light of the electric sparl 
always gives a spectrum of Unes, while that of the brush or glo^ 
discharge exhibits a spectrum of bands. 

The investigations of Kundt lead to the conclusion that the 
difference m the spectra of lightning depends upon the mode in 

tiiltL f\?^^^ ^v*^^ atmosphere is discharged, whether 
through the earth or between the clouds. Whefan electric 

Ite of hS^f fn •*'"'' 'T" *^" ^^^' *»^^ ^^^g- occui. at a 
on itfi woTT ih^r.^^\. S. T , ® *^"^ ^^^ forked flash, passing 

acid. Accoi^g afoS or ot?l^°' '"^^''^ vapor, and carbonic 

gase« are raised by thrflih to f T ^^"^^ *^«^*^^' °^ *'^^ 
oy «ie nasu to a glowing state, the epectrum of 
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the lightning assumes a different form. "WTi^^ 
the discharge takes place from one cloud in€:;< 
usually in the form of a brush, because in <2 
previous electrical attraction both clouds ha,^v- 
and indented forms, and in such circumstance^ 
tension is rarely attained, and the current fr^. 
rapid succession of discharges which take the 
h'ght. The various kinds of electrical diB( 
panied by a corresponding variety in the rep«z^ 
of a spark, it is well known that a single slx^^. 
the brush discharge is never accompanied by j 
always by a hissing or rushing noise, with a b^ik- 
in rapid succession : the glow-discharge is perjpfe- 

All these phenomena lead to a simple & 
various kinds of lightning, whether in the form 
sheet-lightning, or summer-lightning, as well . 
by which they are accompanied, of the simple c 
of thunder ; but the few observations yet mad^ 
of lightning suggest a number of questions wl 
answered by a series of additional observations. 

71. Spbcteum of the Aurora Bo; 

The splendid phenomena exhibited by a brri^ 
the Aiu-ora Borealis are always accompanied by- 
disturbance of the magnetic needle, so that tha 
been supposed to be occasioned by the noiselesi^ 
tricity through the rarefied portions of the iipp^:^ 
atmosphere — a kind of glow-discharge or electrics, 
is exhibited by discharging a quantity of eleci-fc^^ 
Geissler's tube filled with highly-rarefied air. 

Angstrom's spectrum observations of this ol>^ ^ 
to confirm this conjecture, for the luminous «^^^ 
dark segment, and never absent in a faint show- ^-^ 
a spectrum of one bright line situated to th^ ^ 
known calcium group of the solar spectrum. ^^^^ 
paratively very- intense line, Angstrom observ-^^ 
slit, traces of three very faint bands reaching ne^:^:* 
hofer F-line, but only once did faint lines app^^^, 
during the undulations of a very fiickering aroJ::^ 
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I't itrT «!!r/" "f ^^^'^^'^ -^o^' homogeneous (mc 
rrw,nt:'7'r ,;-^r^L^^";<> ^ese^rvaL 

tofc-ether, in March, 1 867 aT l?n!!r x?*^ ^°«^"*™ **' 
markaWe intensity for Si. { 5^^ ^^^'^ ^"^ ^^ ««en ^ 
^ht, when the whl W ^^'°^'' *°** ^ «»« »>'■«««»* «« 
tmoeB of this homolL T*"!" "^^^^"^ *** "^ pBoBphor 
from the famt S;3?*»'ir«'« -«We in the«^ 

Tha bright SI m^^^^"" *" P**^ «f <*«^- 
been MorSiLdZ^Z f ^^^^^ '^« P^*** of ^hic 

unite, corresponds aL^; * ^7^^^* ^"^^ ^^^ *«° <>' « 

»•-« of a terrestna, elS^ TH^I-'^'"*'*'"'* "^'^ *"^ ^ 
f^r^--. «peetn.„. of thrteUuriT^ ^«»e fa introduced into J 
between S and E at 558 7rS piT'^S^" ^^' « * <lotted 

The display of thp \ ^ ^ ^^^ ^O 

-•«^ble in Witl*'l,l"~~ ^^«on *h« 15th of April, 1 5 

f-- Vork «xhibite<, a3^^'"' ?** ^""^rica, and wWeh 

observed there hy P.«, Z^"^^"^ ?{ ext«»ordinarr beauty . 

P-;-u to the oLn.tioTrttrE''^ «Pect«>2o^"'£ : 

Irr^- "T"'* ^*" ^^'« bright wJhf°'^?^ ^'^ ^^^^^d the sp 

determmed, according to Hu«S ^ , ^"^^^^^^ ^^ ^^ch he i 

-ibWJ, and 2640 Tim ^..^«'^8 scale, to be 12«o ia^a i« 

«nd U73 n^l ^ dJviflions of KirohC^T ?' ^*^' ^^^ 

WiT.IooV^ "^"^^^Pond to the fi«t tW ^ * *«^« ^247, 135 

Jvn.Iock8 epectnim of the A»^ ^^ munbere, conseanentl 

^'^tn.zn of the comx.; ^^"^ ** ^^^^^^^^ '» ^o. 



P-mmene^^^%^J^«'^*7- '^^ the co^„l' J^^^ »t stands in eo. 
tbe 7tli of A, ' "^ observed byTo"* • ?' *°<i that of th. 

tbe hnXf ^'' ''''■ Of thefeTSS'^tr "^^ *"**^ ^P«« «^ 
observed InAr^^'P^"*'""'" of thei^r. ^ ^^ (U74K.)U 

^ible, and was S. T ^'' '"«^ ^y hi„ ^J" ^^^ ^^t line in the 
"■« i?^onp wWeW '"' ^"th one^tl^^f t? D but less «fi,„- 
^««^bel^„t ■ f ^/^ '" *h« Bolar ^i"'^ "^^ ^ the tellu- 
^«^n, and oTon' ^''^" "^^ ^^e, t hei^t "^. ^^«° the son is 

«*>^ -f April, 1869, When t^^SSl*'*^ ««'*' on the 

"»e spectrum showed yeiy 
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^ S56Y ten. xnill- 
-tytrM^^ atraosplieric 



clearly the characteristic auroral line (wave-l^:K: 
iontli of a millimetre — Angstrom)^ as well a 
lines. 

The Atirora of the 6tli of October, 18 ^^^>^ ^v«?^^i3 exainiixed bv 
Tlogel with the spectroscope. On thie oc^c^^a-jsioxi a^leo tlie li^ht 
appeared to be homogeneonsj though wittt ^ i^r^cxierate O'pen^s' 
of the slit the spectrum showed only the ^^-esUo-^?^ characteristic 
line, the position of which was estimated ^»,-fc ffipl>c>Tit 19 HO ric \ 
When the slit was opened as much as 1«^ ^*;^*^iUi»T^ 1t i» • 

green light made its appearance^ which was 3c*<z*"»:i_^^l2tl -ir +■ ' ^ 

extend as far as the F-line. This light could. :k:^<^ j^^ estimated to 
into a line of light by any contraction of tke. ^Oi t. ^^^^centmted 
light was perceptible in the direction of tt^.^^^ n-^ci ^^^^ lamt 

precludes the possibility of this light being ^<=*«3<3as' ^ ^^ whict 
stellar light finding its way into the spect:**^:^^—^ ic>ixed l>y some 
.lit,- ^ ^ ^ ^«e^o^« tli^otigh the 

On the 5th of April, 1870, a display of ^tina.^ a, 
amined by A/ Schmidt, at Lennep (Kheni^l::^ ^^^^*^-^tu-ora was ex- 
spectrum here, again, consisted of one rerun, ,^^,-^^t^ J'^'^T^n.ceB). Tho 
broad line, somewhat to the right of D to\JK?^^^-^^^^ ^_^ ^^ t>iriglit arid 
in intensity, at times appearing very faiut, arx<3^ ^ "*-^» ^^^hicli varied 
ward shining out with great brilliancy. Froa::^^-^ -m-'w ^^^^^^^^^-^^ly aftex*— 
of this lire to F, there stretched a continuoii& t:^^^_ -^ ""^^^Sl^lx^Tliood 

resolved frequently into three lines, bright, t^t^^^ * ^^^ticli becain^ 

the first line. ^"^^li fairtter than, 

A magnificent exhibition of the Aurora, Z^^i 
on the 24th and 25th of October, IStO, over -fc^j^^^'^^^lis ^W^as visibl 
Europe, which for beauty and extent has hs^^:^^^.^^? S'^'^^ater T^art r*f* 
ceeded in this portion of the globe. On th^ ^^-t* ^ ^^^ea^ been 
extended over the northern and western port:* ---^ "^*^xli of r^^^ t 

^ *^=*^^«^s e>^ ^^ *-»ctober it 

tlio eky, and 



* [The sp««trura of the Aurora was obaerved by Mr, ELl^^^ 
fi, 1870. ** The red atreftraers,'^ he writes, " were goi^eous, ^ 
to read a newnpaper by. The most rem ar]t able and hright^^i 
trum was a red line more refrangible than C ; a greeniab l:>^^ 



^'c*^tte^^5^«i on April 
__ "*^life lit* **^lit enough 

of the grt^n i^alcium lin<!^ and a cloudy band, more ^^^^^ta^^-i""^^ <:>t^ t-^^v^^* ^^^ ^^^ the spec-^ 
solvable into lines. The dark segment rested on the sea-hoxT-i ^^^^^ ^tk^rv*,^ *^* t-1:ie 






areh of greenish auroral light, and from a well-defined bouncl 
streamers started jcenithward. The red line disappeared un»^^ 
wa8 directed to any point below tblg boundary, and only thcs 
loss and reappearance of the red line wa-s as sharp as posa 11:^1 
the red to the green region,^'] 



"-I^Pe^i 



poaition 



*« if irre- 



* *»*« ^ifT^^-^^d. The 



»*»«8ed from 



I 
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covered mare than a foiirtl. of the whole horiMO, ^ 
luminous red backgr.»und there appeared tliree cleep-rea m 
_._ very sharply defined, to whivh the cloudlet He^^ 
tb© brilliancy of the stars upon the red sky gave an aiWi 
splendor* , * 

On thu 25th of Octxiber the pbenoinenon oitered tin 
^>ecta4^1e of an auroral erawn. A nmxiber of ftainiii^ stream 
the Aurora, which ehot out on all sides, were unitixi at a p<j 
the heavens a little to the fiouth of the zenith. On thiit ev 
all the large etreamera, most of which were of a vrimmn 
croased by white raye, converged toward that central jiomti 
preserved imc lianged its position with regard to the honzoi^ 

Prof. Fuj-ster, of Berlin, lonnd that 'the spectruiii of tin 
rora of ^he 25th of October consisted only of the eanie m 
grceniah-yellow band of light the position of whicJi has 
already detennlnedj and which U not coincident with any ^y 
lines of known elements. In those portions, however, of th* 
wliicb to the eye seemed unilluminated, the gpeetr8seopo rev 
ver}^ clearly the characteristic line of the Aurora. I^r* Ti 
states that some weeks previously^ in the same ohservatorj^ 
evenings when no traces of Aurora was visible, the spectroi 
showed the same line in several places in the sky. 

On the same evening, Capron at GniHbrd observed in 
epectnim of the Aurora a very bright line in the green j ^*^ 
was distinctly visible hi all parts of the sky, but which appc 
with remarkable brOliancy in the silver-white rays of the Au 
Besides this line, there was also a mncli fainter line in the 
which is the lithium line- 

An observer at St, Mary Church, Torquay, describes 
spectrum as consisting oi four lines in tlie red and one line in 
green ; of tliesea strongly-marked red lino was near C,a8tron 
marked paleyellow line near D, a paler one near I'', and a 
fainter one beyond ; tliere was also a faint continuous speet 
that extended tram D to bcyoiid F. The line near C was 
brightest of all the lines ; hi position and color it lay het^ 
the red lines of lithium and calciuni. The observer is of opii 
that two spectra were here supei-poBed, one pro<lueed by the 
rays, consisting of the four Vines and the faint coritinuoue s 

• This point, ae observed *t MwdoaUtMid, was eitualod to the south of v €jp 

one-thmi of th« distaut-e between tK*t atar Jind a Cvgiii.—(T mutilators' Note, 
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SPECTRUM OF THE AURORA 

tram, the other given by the remaining liglxt 
isli line near D. 

Oibbs, observing in London on the same 
line in the red very similar to the C line (EC 
in the pale-green part of the spectrum. 

lElgeVj in Bedford, also observed a red 1>£^:k:i 
bright white band near D, apparently the clkst^ix: 
the Aurora mentioned brfore as being yi8il>X^3 
October in every portion of the sky, a faint £^:kx 
near F, as well as an exceedingly &int line abo^iiis^-f^ 
these last two lines. The red band was absen^t^ 
of the white rays of the Anrora, whereas t^I^ 
Imes were always visible. These observati 
supposition that the diiferent rays of the Aurosr 
different spectra. 

On the same evening the Aurora was obs^iK:* 
Tjeipsic with one of Browning's miniature speczt^C^ 
and 172), when hb obtained the spectrum repr^^, 
In order to collect sufficient light, the slit wsk.^^ 
wide ; and, for the purpose of securing an ap^>:s 
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the green- 



^^^»^i:n^S, saw only a 
«-^«=^^ anotliex- line 

»^<i xie»2- C, a. very 

'^^«*^«nstic line of 

' ^^^ the 25tlx of 

'^^ ill-defined line 

mi<iwajr between 

^'^"^ tl^e spectmm 

^»^aining three 

©stabUsh the 

-t^orealis produce 

;;;;f <i l>y Zollner at 

J^«d «^ ]pi 223. 

S£^^^ tolorably 
o^^xxx^t^ estimate 




of the positi«)h of the lines of the Aurora, tho^^ 
eodium were produced simultaneously by mean ^^ 
The line (2) in the green part of the spectrum ia -j^ 
the characteristic auroral line (1474 K.) ; the r^^^ 
case also was only well seen when the instruii::^^ 
to those parts of the sky which appeared to h^ 
the green line (2) was brilliant in every part of 
the blue parts of the spectrum the fitint banc^^^ 
occasionally seen, of which the most striking vr 
band i8 as it appeared against a bright backgroixxxci ^ 
The English observers speak of some renx^^^^-|^^ 
defined bright bands near F and a little beyond Z^^^ 



<o:e ^^3*^^^^ and 

^^''**^- In 
^^^>.1^^**« only 




l>r^< 



^«^^ dark 



*^irit. 



^eU 



ill- 
as of 
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SPECTRUM ANALYSIS. 



a continuous spectrum between D and F ; Zollner, on 1 
trary, regards these ill-defined bands in the blue as the 
of the continuous spectrum which has been broken up 
dark absorption bands a, >9. 

It was not till after the disappearance of the Aurc 

Zollner was able to observe in the mime spectroscope the 

of hydrogen, nitrogen, oxygen, and carbonic acid in & 

tubes ; nevertheless thjs observer was convinced, in conse 

of the simultaneous observation of the spectrum of sodiu 

that of lithium, that the red line of the Aurora (1) was n( 

cident with the brightest parts in the spectra of any of the 

gases. It is more refrangible than the red hydrogen liu 

which is acknowledged also by the English observers, am 

possibly, according to Zollner, lie near the position of the 

of dark telluric lines a (Angstrom, Fig, 96, Plate VI.), si 

between C and D in the solar spectrum, the mean wave-] 

of which is 0.0006279 of a millimetre. 

Since the chief lines in the spectrum of the Aurora Be 
are not found to be coincident with those of any of the s] 
hitherto observed of terrestrial elements, Zollner concludes 
if the light developed by the Aurora be chiefly of an el 
character analogous to the gases made luminous in a vac 
tube, it must belong to a temperature lower than that at wh 
18 possible to observe the spectra of gases rendered lummo 
a Geissler's tube. The spectr^wm of the Aurora BoreaUa \ 
therefore coiruyident with way of the hnoum spectra of gas 
our atmosphere, became it is a spectrum of am. order thai, ha 
yet been aHificiaUy produced. 

For a further explanation of the mysterious phenomeno 
the Aurora Borealis, more complete measurements of the i 
ITI? !,^^/*^^^« «^«« of its spectrum are necessary, mad 
IfrX ^;f.^^^^fro«^'the North Pole, especially withi the p 

tTsf hl'^^.'Vr *^" "t^^" ^^^^' P»^y«i^^«^ ^11 feel impend 
wV 7^1 experiments the ingenious and well-JTou. 
^eoxy of Zollner, and compare the results of their investigati 
with the spectroscopic observations of the Aurora Borealis 
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ON THE CAUSE OF THE INTERBUFTED SPECTRA OF OASEa 

BY 0. JOHNSTONS 8T0NKT, H. ▲., V. R. 8.* 



In the Philosophioal Magazme for August, 1868, there is a 
paper " On the Internal Motions of Gbses," f by the author of 
the following communication, in which a comparison is instituted 
between these motions and the phenomena of light, from which 
the conclusion is drawn that the lines in the spectra of gases are 
to be referred to periodic motions within the individual mole- 
cules, and not to the irregular journeys of the molecules among 
one another. 

Mr. Stoney thinks it possible now to advance another step in 
this inquiry, and has given to the Boyal Irish Academy an ac- 
count of which the following is an abstract, of the grounds upon 
which he founds this hope : 

A pendulous vibration, according to the meaning which has been given to 
that phtase by Helmholtz, is such a vibration as is executed by the simple 
cycloidal pendnlnm. It is, accordingly, one in which the relation between 
the displacement of each particle and the time is represented by the simple 
cnrve of sines, of which the equation is — 

y = 0*+Cism(a;+a), 
*where ^ — Co is the displacement of the particle from its central position ; 

0: is the amplitude of the vibration ; x stands for 2n — , where t is the time 
from a fixed epoch, and r the period of a complete double vibration ; and a 



* From the Proceedings of the Royal Irish Academy, read January 9, 1871. 
f In reading that paper, the reader is requested to correct Id* into vl^ at the end 
of paragraph 8. 
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is a constant depending on the phase of the vibration at the instant which is 
taken as the epoch from which t is measnred. 

Now, we may not assume that the waves impressed on the ether bj one 
of the periodic motions within a molecule of a gas are of this simple charac- 
ter. We mast expect them to be nsaally much more involved. And, what- 
ever may happen to be the intricacy of their form near to their origin, they 
will retain substantially the same complex character so long as they advance 
through the open undispersing ether, in which waves of all lengths travel at 
the same rate. But it would seem that a very different state of things must 
arise when the undulation enters a dispersing medium, such as glass. 

Let us suppose that the undulation * before it enters the glass consists of 
plane-waves. Then, whatever the form of these waves, the relation between 
the displacement of an element of the ether and the time may be represented 
by some curve repeated over and over again. This curve may be either one 
continuous curve, or parts of several different curves joined on to one 
another. In the latter case (which includes the other) one of the sections 
of the curve may be represented by the equations — 
y =^t (x) from a; = to a; = St, ^ 

y = ^i (oj) from » = «i to « = ««, ( >^|x 

and so on to C 

y = ^, (x) from a? = « to « = 2ir, } 

y being the displacement, and x being an abbreviation for 2ir—y where r is 

the complete periodic time of one wave. 

The undulation in wtcuo will then be represented, according to Fourier's 
well-known theorem, by the following series : 

y = A» + Ai cos a; -f- A» cos 2x + . 

' (2) 



+ Bi sin a; + Bs sin 2d; 
where the coefficients are obtained from equations (1) by the definite integrals 



..... > 

:+ ... ) 






y cos nx^ €bD = jtA,, 



air 
y BID na^ dx = »rB,. 



(8) 



Equation (2), the equation of the undulation before it enters the glass, 
may be put into the more convenient form — 

y — Ao = Oi sin (aj + ai) + Oj sin (2aJ + ««) + . . . (4)* 

where y ~ Ao is the displacement from the position of rest, and the new con- 
stants are related to those of equation (2) as follows: 

0- = VA7fB:, a. = tan-^ (5) 



* By the term undidaiion is to be understood a series of waves. 



Digitized by 



Google 



APPENDIX. 431 

The first term of ezpanBion (4) represents a penduloas vibration of tha 
fnll period r ; the remaining terms represent harmonics of this vibration ; 
i. e., their periodic times are ^r, ^, etc. All of these also are pendnlons ; so 
that equation (4) is equivalent to the statement that, whatever be the form of 
the plane undulation before entering the glass, it may be regarded as formed by 
^ the superposition of a number of simple pendulous vibrations, one of which 
has the full periodic time r, while the others are harmonics of this vibration. 

Moreover, these. vibrations will coexist in a state of mechanical inde- 
pendence of one another, if the disturbance be not too violent for the legiti- 
mate employment of the principle of the superposition of small motions. 
So long as the light traverses undispersing space, these constituent vibrations 
will strictly accompany one another, since jn open space waves of all periods 
travel at the same velocity. The general resulting undulation will therefore 
here retain whatever complicated form it may have had at first. But when 
the undulation enters such a medium as glass, in which waves of different 
periods travel at different rates, the constituent vibrations are no longer able 
to keep together, each being forced to advance through the glass at a speed 
depending on its periodic time. Thus there arises a physical resolution 
within the glass of series (4) into its constituent terms.* And if the glass 
be in the form of a prism, the pendulous undulations corresponding to the 
successive terms of series (4) will emerge in diff'erent directions, so that each 
will give rise to a separate line in the spectrum of the gas. 

We thus find that one periodic motion in the molecules of the incan- 
descent gas may be the source of a whole series of lines in the spectrum of the 
gas. The nth of these lines is represented by the term 

0, sin (nx + a,.), 

in which 0» is the amplitude of the vibration ; and consequently 0» represents 
the brightness of the line. If some of the coefBcients of series (4) vanish, 
the corresponding lines are absent from the spectrum. This is analogous to 
the familiar case of the suppression ot some of the harmonics in music, and 



* Other expansions similar to Fourier's series oan be conceived, in which the 
terms, histead of representing pendulous vibrations, would represent vibrations of any 
other prescribed form ; and hence a doubt may arise whether the physical resolution 
effected by the prism is into the terms of the simpler series. That it is so may, per- 
haps, not be suscepHble of demonstration ; but the following considerations seem to 
show it to be probable in so high a degree that it is the hxpothesis which we ought 
, provisionally to accept. For, first, the form of the emerging vibrations is independent, 
of the material of the prism, since the lines correspond to the same wave-lengths as 
seen in all prisms ; and, secondly, it is independent of the amplitude of the vibration 
within very wide limits, since the positions of the lines remun fixed through great 
ranges of temperature, and in many oases, when the temperature falls so low that the 
lines fade out through exeessive faintness. The first consideration shows the series 
to be the same under varying circumstances; and the second consideration suggests, 
as in the theory of the superpodtion of small motions, that this series is a series of 
penduioui vibrations. 
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jippears to be what usually oocors in those spectra which are called bj 
PlUcker spectra of the Second Order. 

In spectra of this kind the lines which £b11 within the limits of the Tiaible 
spectrum appear at first mght to be scattered at irregular intervala. This 
may arise, and probably does in most cases arise in part, from the circum- 
atenoa thai there may be several distinct motions in each molecule of the gas, 
each of which produces its own serieaof hannonics in the spectrum, which * 
by their being presented together to the eye give the appearance of a con- 
fused maze of lines. But it appears also to arise in part from the ahaoioe of 
most of the harmonics, so that it is not easy to trace the relationship between 
the few that remain. To do so without the assistance of spectra of the First 
Order, requires that we should h/iye at our disposal determinations of the 
waye-lengths of the lines made with extraordinary accuracy ; and perhaps 
in a few cases, as, for example, in the case of hydrogen, the marvellous 

o 

deterrainations which have been made by Angstrom may have the requisite 
precision. 

The ordinary spectrum of hydrogen consiats of four lines, corresponding 
to in tlie solar spectrum, F, a line near G, and h. To these it is possible 
that we ought to add a conspicuous line in the solar prominences which lies 
near D, but which has not yet been found in the artificial spectrum of hydro- 
gen. Of these lines, three, viz., 0, F, and A, are to be referred to the same 
motion in the molecules of the gas. 

o 

In fact, the wave-lengths of these lines, as determined by Angstrom,* 
are : 

A = 4101.2 tenth-metres. 

F = 4860.74 " 

C == 6562.10 " 
These are their wave-lengths in air of standard pressure and 14* tempera- 
ture, determined with extraordinary precision. We must correct these for 
the dispersion of the air, so as to arrive at the wave-lengths in vacuo which 
are proportionate to the periodic times. Now, by interpolating between 
Eetteler's observations t on the dispersion of air, we find — 

/iA = 1.000 29962, 

MV = 1.000 29685, 

tio = 1.000 29888, 

for the refractive indices of air of standard pressure and temperature for the 
rays A, F, and 0. From these we deduce that if the air be at 14° of tempera- 
ture, the refractive indices will become 

ttA = 1.000 2845, 
/IF = 1.000 2820, 
tuj = 1.000 2791. 



* Angstrom's ^ iZacAtreAet wr le Speetrt Solaire^** p. 81. A tenth*metre means a 
metre divided by W^; similarly a fourteeuth-seoond is a second of time divided by 
10". 

f Phil Mag., 1866, vol xxxil, p. 840. 
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Multiplying the foregoing w aye-lengths by these yalues, we find for the waye- 
lengths in eaetw — 

h = 4102.87 tenth-metres, 

F = 4862.11 " 

= 6563.93 " 

which are the ddd, 27th, and 20th harmoaics of a fandamental yibration 
whose waye-length in vaeuo is 

0.18127714 of a millimetre, 

as appears from the following Table : 



reduced tb wave-lengths 
in vacuo. 


Odenlftted rthuM, 


i>«^ 


Tenth-metres. 

h = 4102.37 
F = 4862.11 
C = 6568.93 


Tenth-metres, 
-^x 131277.14 = 4102.41 
^x 181277.14 = 4862.12 
Ax 181277.14 = 6668.86 


Tenth-metres. 
+ 0.04 
+ 0.01 
— 0.07 



Thus the outstanding differences are all fractions of an eleyenth-metre, an 

o 

eleyenth-metre being the limit within which Angstrdm thinks that his meas- 
ures may be depended on. 

The waye-length 0.18127714 of a millimetre corresponds to the peri- 
odic time 4.4 fourteenth-seconds, if we assume the yelocity of light to be» 
298,000,000 metres per second. ^ 

*Hence we may conclude, with a good deal of confidence, that 4.4 four- 
teenth-seconds is yery nearly the periodic time of one of the motions within, 
the molecules of hydrogen. 

The other harmctnics of this fundamental motion in the molecules of 
hydrogen — ^yiz., the 19th, 2l6t, 22d, etc., harmonics — are not found in this- 
spectrum of hydrogen. But two other spectra of hydrogen are known to 
exist in which there are a great number of lines; and possibly the missing^ 
harmonics will be found among them when their positions shall haye beeiv 
sufficiently accurately mapped down. A far more moderate degree of accu- 
racy will suffice in this case than was required by the foregoing inyestigation. 

But it is from the examination of spectra of the First Order that the most, 
copious results may be expected. . These spectra consist of lines ruled close 
to one another, and presenting in the aggregate the appearance of patterns 
which often resemble the fiutings on a pillar. When these spectra are more 
carefblly examined, it is probable that the whole series of lines occasioning- 
one of the fluted patterns will be found to be the successiye harmonics of a 
single motion in the molecules of the gas. It may readily be shown that 
such patterns as are met with in nature may in this way arise. For this 
purpose it is only necessary to make some suitable hypothesis as to the 
original undulation impressed by the gas upon the ether. Thus, if the law 
of this undulation were the same as that of the motion of a point near the 
end of a yioltn-string, and of a periodic time sufficiently long (as, for example, 
two million-mUUonths of a second), this undulation, when analyzed by the 
prism, would giye a spectrum coyered with lines ruled at interyals about the 
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# 
same as that between the two D-linea, and of mtenaities yarjing bo as to be- 
come gradually brighter and then gradaally fainter seyeral times in aaooession 
in passing from line to line along the spectram. These alternations would 
giye a fluted appearance to the spectram; and, from appropriate hjpptheses 
as to the original yibration, all the patterns met with in nature would result 
Possibly it may proye to be practicable to trace back from the appearances 
presented within the limits of the yisible spectrum to the character of the 
original motion to which they are all to be referred. But, howeyer this 
may be, it will be easy in a spectrum of this kind, in which we haye a long 
series of consecutiye harmonics, to determine at least the period of this 
motion ; and it is in the examination of these spectra that the most eanly- 
obtained results may be expected. But the necessary obseryations are at 
present almost altogether wanting. The only case in which the author had 
been able to arriye at any result was that of the nitrogen spectrum of the 
First Order, obseryed by PlCLcker. It would appear from his obseryations* 
that the more refrangible of the two fluted patterns obseryed by him is due 
to a motion in the gas haying a waye-length of about 0.89876 of a millimetre, 
which corresponds to a periodic time of three twelfth-seconds, one of the 
flutings consisting of the thirty-fiye harmonics from about the 19d0th to the 
1995th. 

This result, howeyer, does not command the confidence which the pr^ 
ceding determination of one of the periodic times in hydrogen does ; but it 
will suffice to show the c^acter of the much easier inyestigation which baa 
to be made in the case of gases which produce spectra of the First Orden 

Note. — Since the foregoing oommonieatian was made to the Royal Irish Academy, 
Mr. Stoney and Mr. J. Emerson Reynolds, of Dublin, haye published an aooount of a 
detailed examination of the absorption speotnim of the yapor of chlorochromic anhy- 
dride at atmospheric temperatures. {See FhU. Ma^. for July, 1871.) Tins vapor, 
which is of a brown color, absorbs yery little of the red, while it entirely obliterates 
^e other end of the spectrum, shutting oat the blue, indigo, and violet ; and in the 
interval between these two regions, extending over the orange, yellow, and green, 
there are about 120 or 180 Ihies. The positions of 81 of these, distributed irregoUily 
over nearly the whole of this range, were measured. In doing this, those lines were 
selected of which the positions could be determined accurately with the most ease^ 
and in every one of these cases the position oT the line was found to be that which 
Mr. Stoney's theory assigns to it 

According to the theory, the whole series of lines is due to a single motion in the 
molecules of the vapor. And the periodic time of this motion as (^ven by the obser- 
vations is ^|-, where r is the time which light takes to advance one millimetre. The 

authors are of opinion that this determination cannot be in error by more than one 
five-hundredth part of its amount, and it indicates, if the theory can be depended on, 
that the fundamental motion is executed rather more than eight hundred thousand 
millions of times in each molecule of the vapor every second of tiaia 

In order to complete this picture, we should bear in mmd that, aooorffing to the 



* Philosophic^ Transactions for ISM, p. 7, g 16. 
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moBt recent estimateB of phjBicists, the number of moleonles in each onbio mHUmetre 
of the Taper ia about a ndUion timee a million of millions. 

Messrs. Stoney and Reynolds have also attempted to extract some informatioii 
about the character of the motion, from the succession of intensities of the lineh in 
the spectrum ; and they arrlye at the conclusion that it bears a curious relation to the 
motion of a certain point upon a yiolln-string while the bow is being drawn, vis., a 
point that lies at a distance of nearly but not quite two-fifths of the length of the 
string from one end. 



APPENDIX B. 



PRELIMINARY CATALOGUE OF THE BRIGHT LINES IN THE SPEd^RUM 
OF THE CHROMOSPHERE. 

BT C. A. TOUNO, FH. D., FBOnSSOB OT AOTBONOKT IK DARTMOUTH OOLLMI. 
(Added bv the lyanekOort Awn the PkUceophieal MoffoeUu Ji>r ITovember, IStl.) 

The following list contains the bright lines which have been 
observed by the writer in the spectrum of the chromosphere 
within the past four weeks. It includes, however, only those 
which have been seen twice at least ; a number observed on one 
occasion (September 7th) still await verification. 

The spectroscope employed is the same described in the 
Jimmal of the I^rcmklm Institute for November, 1870 ; but cer- 
tain important modifications have since been effected in the in- 
strument. The telescope and collimator have each a focal length 
of nearly 10 inches, and an aperture of } of an inch. The 
prism-train consists of five prisms (with refracting angles of 56®) 
and two half-prisms. The light is sent twice through the whole 
series by means of a prism of total refiection at the end of the 
train, so that the dispersive power is that of twelve prisms. The 
instrument distinctly divides the strong iron line at 1961 of 
Kirchhoff 's scale, and separates B (not h) into its three com- 
ponents. Of course it easily shows every thing that appears on 
the spectrum-maps of Kirchhoff and Angstrom. The adjustment 
for " the position of minimum deviation " is automatic ; i. e., 
the different portions of the spectrum are brought to the centre 
of the field of view by a movement which at the same time also 
adjusts the prisms. 

The telescope to which the spectroscope is attached is the new 
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©qoatorial recently maun tod in the observatory of the ^^^^^ ^ 
Alvan Clark & Sods. It is a very perfect gpecimeii of «ie b^- 
mimble optical workman ship of this celebrated finn, arid nmB nn 
aperture of 9^%- inches, with a focal length of It^ feet. 

In the tabic, the first coJumo containa simply the reference 
Finmben An asterisk denotes that the line affected by it huB no 
wellmarked corresponding chirk line in the ordmarj solar spec^- 
tnim. 

The second column gives the position of the line xipon the 
scale of Klrehhoff'a map, determined by direct comparison witb 
the map at the time of observation. In some caaas an interro- 
gation-mark iH appended, which si^iiies not that the e^^^^^^^ »* 
the line ia doubtful, but only that its precise place c^ul^i ^^* be 
determined, either because it feli in a shading of ^^^ line^^t or 
because It could not be decided, in the case of some close double 
lines, which of the two components was the bright one, or, finally^ 
becange there were no well-marked dark lines near eoougb ta 
ftimish the hasia of reference for a perfectly accurate determinar 
tion. 

The third column gives the position of the line upon Angr 
Btrom'B normal atlas of the solar spectrum. In this cohiniLn Ma 
occasional interrogation-mark denotes that there is gome doubt 



M to the precise point of Angstrom's scale corresponding to 
Kirchhoff's. There is considerable difference between the two 
maps, owing to the omiesion of many faint h*nes by Angstrom, 
and the want of the fine gradations of shading observed by 
^hhoff, which renders the coordination of the two scales aome. 
toies diflicnlt, and makes the atlas of Karchhoff &r miperior to 
the other for use in the observatory 

ner^r'^^^r '"^ '^^ ^^^'"'^ ^^'^^"^^ ^^ intended to denote the 
^r^tageot frequency with which the corresponding Unes are 

muSdv aZ/"^ T^^^^ ^^^ ^'^ ^ ^^ regarded as only 
l^n^\^n"7 r' '' '''^'^ "*^ ^«^"«* r^uire a much 

est. ll^ese numbers 2 Tike tiosl^^^^^^ ^^^^' 

a« entitled to veiy little weight pi^eeeding eolmnn, 
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The sixth column contams the symbols oF 
stances to which, according to the maps abov^< 
lines owe their origin. 

There are no disagreements between the t^ 
the majority of cases, however, Angstrom alone 
ment ; and there are several instances where t^ 
than one substance coincide with each other a: 
the solar spectrum so closely as to make it im 
between them. 

In the seventh and last column the letters J 
note that, to my knowledge, the line indicate 
served, and its place published by Janssen, Ix=>< 
It is altogether probable that a large portion of" 
contained in the catalogue have before this been, je 
by one or the other of these keen and active obse: 
I have as yet seen no account of such determinat:f <« 

I would call especial attention to the lines nuiKi^ 
in the catalogue ; they are veiy persistently prescMs. ' 
and can be distinctly seen in the spectroscope to 
chromosphere as such, not being due, like most or 
to the exceptional elevation of matter to heights 
not properly bel6ng. It woxdd seem very prob^ 
these lines are due to the same substance which, 
line. 

I do not know that the presence of titanioir:^^. 
prominences and chromosphere has before been^ 
comes out very dearly from the catalogue, as no lj< 
the whole 103 lines are due to this metal. 

Haivoybb, N. tf, BepUmbtT 18, 1871. 
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CHBOMO8PHKBI0 LINKS. 



31 



I 



7060,0? 

0677.0 f 

656 1.8 

6496.7 

6454.fi 

6431.0 

6370.0 

e230.B 

6253.^ 

6140.5 

5S94.8 

5889. D 

&871.0 

5534.0 

5533.0 

5454.5 

5445.9 

54S3.0 

5430.0 

54 M. 5 

541B.0? 

5412.0 

54Da.O 

5393.2 

5370.4 

53aa6 

5332.0 

5S27.7 

5327.2 

5321.0 

5315.9 
5283.0 
527.'S.O 
5269.5 
5268.5 
5265.5 
523^.0 
5236.2 
5233.5 
5232.0 
5226,0 
5224 5 
6207.8 
5205.3 
6203.7 
5201. B 
G 199.5 
5197,0 
5183.0 
5172.0 
5168.5 
5166.5 



60 

8 

100 

2 
2 
2 
2 
1 
1 
6 
10 
10 
100 
6 
1 
1 
1 
1 
2 
8 
1 
1 
2 
1 
1 
2 
2 
1 
1 
2 

76 
6 

1. 

1 

8 

1 

1 

2 

1 

1 

1 

8 

8 

8 

1 

1 

8 
16 
16 
12 
10 



ll 



8 
4 
100 
2 
8 
2 
2 
1 
2 
8 
10 
10 
76 
8 
1 
2 
2 
1 
8 
4 
2 
1 
2 
2 



8 
8 

2 

16 
4 
6 
8 
2 
2 
1 
1 
2 
2 
2 
1 
8 
8 
8 
2 
1 
2 
16 
16 
10 
10 



H 



Tl 
F^ 
Ba 

Na 
Na 

Ba' 

Fe 

Fe 

Ba 
Tit 

Fe.Tl 
Fe 

Fe 

Tl 
Fe 
Fe 



Fe? 



Fe, Ca 

Fe 
Fe.Co* 

Fe 

Mn 

Fe 

Fe 

Ti? 
Cr, Fe? 

Cp 
Or.Fe? 

Fe 



Mg 

Mg 




L. 

L. 

L. 

L.J. 
R.L. 



B. 



L.a 

L 
B. 



LB. 
L. 
L 
L 
h. 
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53 
54 
56 
66 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

82 

88 

84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
96 
96 
97 
98 
99 

100 

101 

102 

103 



1678.9 
1678.0 
1778.6 
1866.8 
1870.3 
1989.6 
2001.6 



2007.1 
2031.0 
2061.6 

F. 
2368.6 
2419.3 
2486.6 
2444.0 
2446.6 
2467.8 
2461.2 
2467.7 
2486.8 
2489.6 
2490.6 
2602.6 
2606.8 
2687.3 
2563.0 ? 
2666.0 ? 
2666.6 

2681.6 ? 

2686.6 

2626.0 

2670.0 

2686.7 

2706.0 

2719.0? 

2721.2 

2734.0 ? 

2737.0? 

2776.8 

2796.0 

G. 
2770.0 



6158.2 

6150.1 

6077.8 

6017.6 

6016.0 ? 

4988.4 

4928.2 

4921.3 

4918.1 

4899.3 

4882.5 

4860.6 

4629.0 

4688.6 

4671.4 

4664.6 

4668.1 

4666.0 

4663.8 

4648.7 

4686.2 

4633.2 

4681.7 

4624.2 

4522.1 

4500.4 

4491.0? 

4489.5 ? 

4480.4 

4471.4 

4468.6 

4448.0 

4414.6 

4404.3 

4898.6 

4884.8 

4882.7 

4372.0 

4369.3? 

4362.0 

4840.0 

4807.0 

4800.0 

4297.6 

4289.0 

4274.6 

4260.0 

4246.2 

4226.6 

4216.6 

4101.2 
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HOW COKFLETE. 

THE mW AMERICAN CYCLOPilDI 

A POPULAR I>IOTIONARY OF GENERAL KNOWLEDGE. 



EDITED BT 



GEORGE RIPLEY and C. A. DANA, 
iBBlSTED BY A NUMEROUS BUT SELECT OOBPO OP WBITI 



Tlie design of The New Amkricax Crcix>p^iA is to furnish the great W 
intcIUgent readers in this countiy with a popular Dictionary of General Know edg 

The New American Cycix>i>^i>ia ia not founded on any European model ; i 
plan and eUboration it is strictly original, and strictly American. Many of the wr 
employed on the work have enriched it with their personal researchei^ obaervati 
^id discoveries; and every article has been written, or re-written, expressly foi 

pages. 

It is intended that the work shaH bear such a character of practical ntiliJy a^ 
muktj it indispensable to every American library. 

Throughout its successive volumes, The New Americak CTCLOPiEDiA i»ill I 
sent a fund of accurate and copious information on Science, Art, AoRicuLTHfiE, d 
KEKLTE, Manufactures, Law, Medicine, Lftebature, Philosopht, Mathemat] 
A^riiOMOMT, HisTORT, BiooRAPHT, Geoorapht, Religion, Pouncs, Travels, Cm 
isTfiY, Mechanics, Inventions, and Trades. 

Abstaining from all doctrinal discussions, from all sectional and sectarian aif 
mGDtfl, it will maintain the position of absolute impartiality on the great controveri 
questions which have diridcd opinions in eveiy age. 

This work is published exclusively by subscription, in sixteen laxge octavo volain< 
each containing 750 two-column pages. 

Price per volume, cloth, $5.00 ; library ityle, leather, $6.0C ; half moroocw, $6.00 
y iLif nisaia, extra, $7.60. 

JF'rom ths London Daily Neum, 

1 ^ IV'^rJSfiltll^^E^jJf® w^®» be8t,--ind^ed, we should feel qnlt<» Jnstlfledin ssyinir It to the onl 

. d?tloS^o?A,2 j/i?''^^*h "^"^ ^* rr"^ ^* * treasure to everystudcnt of the moral an<i phy« 

i. ^ d ^ th th« J;,^fll^i>^^^*'^^^ 13 minute, ftill,and accurate upon every sabject cor 

^. oVTho mo«ri?uf?7A„i^l^^^^^ attenUon of the Editors, It employs the pens of 

srrJv of wSi "aMhIn «v«£"V*^ transatlantic 'writers-statesmen, lawyer^ divlies. soldiers, a vas 

MtiritT/sJS^SYudryJSdtXSS^^^ ^^ ^« UniversitiJi ^th numbers of privat 
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